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An experimental apparatus capable of measuring equilib­
rium system pressures, temperatures, and vapor phase com­
positions of a nitrogen-neopentane system was developed by 
adding a chromatographic analysis system to preexisting 
equipment. Pressures within the equilibrium cell were 
measured with three bourdon-tube gauges having ranges of 
0-100 psi and 0-100 atm. Temperatures were measured with 
a Leeds and Northrup platinum resistance thermometer.
Pure neopentane was condensed or solidified within the 
equilibrium cell at the appropriate temperature. Nitrogen 
gas was then passed through the equilibrium cell at constant 
temperature and pressure and the resulting vapor phase com­
position was then analyzed with the gas chromatograph.
Vapor phase compositions were determined at each of 
seven isotherms ranging from 199.62 K to 257.86 K» The 
equilibrium data were taken at temperatures below the triple 
point of neopentane with the exception of the data taken at 
257.86 K which is within the liquid range of neopentane. 
Vapor phase compositions were determined at nine different 
pressures for each isotherm. The pressures ranged from 3.5 
atm to 80.8 atm.
The mixed second virial coefficient f°r the two-
molecule interaction between nitrogen and neopentane was
iii
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obtained through a thermodynamic analysis by two methods.
The first method involves solving for directly. An
explicit expression for can be derived by using the
virial equation of state truncated after the second term in 
conjunction with thermodynamic phase equilibria theory. The 
second method is the graphical technique of Chiu and Can­
field. Other less applicable methods used to obtain B ^  are 
either referenced or presented briefly. The mixed second 
virial coefficients obtained from the first method ranged 
from -106.0 cc/g-mole at 257.86 K, to -2 35.6 cc/g-mole at 
199.62 K.
The geometric mean mixing rule and the semiempirical 
mixing rules of Hudson and McCoubrey, Sikora, and Good and 
Hope together with the.empirical rule of Hiza and Duncan 
were used in combination with the generalized correlations 
of McGlashan and Wormald and Pitzer and Curl to predict the 
mixed second virial coefficient, B]_2 * T^e Predicted values 
of B ^  were then compared with the experimental values. The 
empirical mixing rule of Hiza and Duncan in combination with 
the generalized correlation of Pitzer and Curl yielded the 
best predicted values of the mixed second virial coefficient. 
These B ^2 values ranged from -114.89 cc/g-mole at 257.86 K 
to -210.27 cc/g-mole at 199.62 K. The standard deviation 
of these predicted values when compared to the experimental 
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Presently there is a lack of data needed for molecular- 
interaction studies. These studies involve the prediction 
of interaction parameters for distinct molecules (1-2 inter­
actions, where "1" and "2" denote each distinct molecule) 
from the interaction parameters for the pure components 
(1-1 and 2-2 interactions). This thesis presents mixed 
second virial coefficients (B}.2  ̂ f°r t îe two-molecule inter­
action between nitrogen and neopentane at relatively low 
temperatures. The nitrogen-neopentane system involves the 
interaction between a small, non-polar molecule (nitrogen), 
and a relatively large, non-polar, "quasi-spherical" mole­
cule (neopentane).
This research is but a part of a larger program whose 
objective is to examine the ability to predict mixed second 
virial coefficients using each of several available mixing 
rules in conjunction with generalized correlations for pure 
component second virial coefficients. In the future, 
equilibrium data will be accumulated for several binary 
systems, so that each mixing rule can be tested to determine 
its predictive ability when the constituents of the system 
possess large differences in size, shape, ionization poten­
tial, quadrapole moment, and dipole moment.
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This, thesis presents a complete process flow descrip­
tion, a theoretical development of the two methods used to 
obtain mixed second virial coefficients from experimental 
data, a results section, which includes both the raw data 
and the data reduction, and a discussion of the results 
obtained. Also included is a large appendix containing 
supplemental material valuable to future graduate students 
who may use this equipment for future research.
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PROCESS FLOW DESCRIPTION
The purpose of this section is to give a general in­
sight into the process flow scheme used in this experimenta­
tion. The process flow can be divided into three main 
systems:
1) The equilibrium system
2) The refrigeration system
3) The analysis system
Equilibrium System
Figure 1 (Duston, 19 70, p. 3) is a schematic diagram 
of both the equilibrium and refrigeration systems. The 
equilibrium system consists of a copper equilibrium cell 
suspended in a well-stirred constant temperature bath. The 
copper equilibrium cell contains seven trays. The tray 
spacings are packed with copper wool to provide more surface 
area for contact. The bath temperature is kept constant by 
balancing excess refrigeration (liquid nitrogen) with two 
125 w heaters on proportional control. The temperature is 
measured with a Rubicon Mueller Bridge in combination with 
a calibrated Leeds and Northrup platinum resistance ther­
mometer. The platinum resistance thermometer is suspended 
directly in the bath. Any temperature difference between 
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by a potentiometer. The potentiometer measures voltage 
differences between a copper-constantan thermocouple 
measuring junction inside the cell and the reference 
junction within the bath.
Figure 2 (Duston, 19 70, p. 4) is a piping and instru­
mentation diagram for the equilibrium and refrigeration 
systems. The present piping system allows pressure measure­
ments to be taken on either the inlet or outlet side of the 
equilibrium cell. Pressures within the cell are measured 
with three bourdon tube pressure gauges. Two of these 
gauges (Heise and Seegers) have a range of 0-100 psi. The 
third gauge (Heise) has a range of 0-100 atm.
Neopentane with a 9 9+ mole percent purity was obtained 
from Phillips Petroleum Company. Neopentane vapor is fed 
to the equilibrium cell through a 1/4-in. copper fill line 
at approximately 12 psi pressure (this is the vapor pressure 
at room temperature). The neopentane vapor enters the top 
of the cell and liquefies at a temperature just above the 
triple point. Liquid neopentane fills the first tray and 
flows through downcomers to subsequent trays, filling all 
seven trays with liquid. The. amount of neopentane fed to 
the system is determined by a weighing technique. Twenty 
grams of neopentane was adequate to fill the trays, when 
operating within the solid region. The temperature is then 
lowered to the desired value below the triple point. 
Nitrogen, or any desired gas, is fed to the system from a
1517
Symbol Index for Figure 2
A) Platinum resistance thermometer for controller
B) Calibrated platinum resistance thermometer
C) 125-w controller heating element, 32-in, long
D) LN~ refrigeration coil, 1/4-in. copper tubing,
20-ft long
E) Feed preheater, 1/8-in. copper tubing, 9.5-ft
long
c
F) Inlet vs. exit streams counter current heat ex­
changer, 1/ 8-in. copper tubing, 8-ft long
G) Equilibrium cell
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high pressure regulator through a 1/4-in. vernier metering 
valve. This needle valve is used to control the system 
pressure by adjusting the flow rate of the nitrogen when the 
exit throttle valve is in a set position. The nitrogen 
exchanges heat with exiting nitrogen from the cell in a 1/ 8- 
in. , 8-ft counter-current heat exchanger. The nitrogen 
enters the liquid bath and passes through a coiled section 
of 1/8-in. copper tubing 9.5-ft long. It enters the bottom 
of the cell, flows in a cross-flow pattern across the trays, 
then exits the top of the cell, and exchanges heat with 
incoming nitrogen in the counter-current heat exchanger.
The resulting vapor equilibrium sample is diverted through 
the exit throttle valve to the gas chromatograph for analysis.
The vacuum pump is used to evacuate the equilibrium 
system before filling the cell with neopentane.
For a complete equipment and instrumentation descrip­
tion, refer to Appendix A.
Refrigeration System
The bath consists of a 50-50 volume percent mixture of 
carbon tetrachloride and chloroform. The bath is contained 
in a vacuum-jacketed cryogenic dewar 9 3/8 in. in diameter 
and 24-in. deep with a 21-Z liquid capacity. This particu­
lar mixture was selected because of its liquid range and 
non-flammability. This mixture is a liquid at room tempera­
ture and freezes at -81.4 deg C. This is compatible with
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the solid range of neopentane. Although this mixture is 
moderately toxic, it is non-flammable. Flammability was 
considered to be of a greater danger than toxicity when con­
sidering other possible bath mixtures. The viscosity of the 
mixture does not hamper effective stirring.
Liquid nitrogen is used as the refrigerant. It is 
obtained from the Cryogenics Division of U.S. Welding in 
160-£ pressurized dewars. Liquid nitrogen is fed to the 
bath from the 25 psi pressurized vacuum-jacketed dewar 
through a 1/4-in. 4-ft long insulated copper transfer line. 
The nitrogen then enters the bath through a coiled 20-ft 
length of 1/4-in. copper tubing. The nitrogen vapor exits 
from the bath at a temperature close to that of the bath.
The nitrogen flow rate is controlled downstream of the bath 
with a 1/16-in. port throttle valve. When rapid cool-down 
is desired, both the throttle valve and the bypass valve are 
opened. The bypass valve is a 1/4-in. globe valve.
Analysis System
Figure 3 is a schematic diagram of the analysis system. 
After exiting from the throttle valve, the equilibrium vapor 
sample can be vented, metered and then vented, or diverted 
to the gas chromatograph for analysis. The gas chromatograph 
is a Beckman GC 72-5.
In preparation for taking vapor equilibrium data, the 
equilibrium cell is evacuated and flushed with pure nitrogen
T 1517



















gas to remove contaminants. The nitrogen is then vented 
through a 1/4-in. needle valve without being metered. This 
type of venting is also used when depressurizing the cell.
During an experimental run, the equilibrium vapor 
sample flow rate is carefully measured by a 30 standard 
cubic centimeter per minute rotameter. When a compositional 
analysis is desired, flow is diverted through a vernier 
meter valve to the gas chromatograph sample loop. The ver­
nier meter valve is used to obtain small flow rates through 
the sample loop to the manometer. This is especially valu­
able when operating with a sample loop injection pressure 
which is in the high vacuum region. The sample loop injec­
tion pressure is measured with a mercury manometer one meter 
in length. After injecting the sample into the chromato­
graph, flow is again diverted through the flow meter and 
vented.
The vacuum pump is used to evacuate the manometer and 
sample loop between analyses.
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THEORY
In this section, the equations necessary for the
reduction of solid-vapor equilibrium data to obtain mixed 
second virial coefficients are developed. A discussion of 
several mixing rules used in conjunction with generalized 
correlations to predict mixed second virial coefficients is 
also presented.
Background
Although the mixed second virial coefficient for a 
binary system can be obtained in many ways, only two experi 
mental procedures will be discussed here. The first pro­
cedure is to measure low pressure P-V-T data. In this case 
the mixed second virial coefficient (B-^) can evaluated 
implicitly by the following equation:
where B = second virial coefficient for the mixture,
B = limit (ff)m , 
dP 1 (1)
factor with respect to density at constant 
temperature,
(t ) = partial derivative operator,o
z = compressibility factor,
p = system density,
and T = system temperature.
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If the virial equation of state is rearranged to the follow­
ing form:
v = molar volume,
p = system pressure,
T = system temperature,
B = second virial coefficient for the mixture,
C = third virial coefficient for the mixture,
P-V-T data, then the intercept of this plot is the value of 
B and the slope is the value of C.
The second virial coefficient for a binary mixture (B) 
represents three types of two-molecule interactions. For a 
mixture of component "1" and component "2", these interac­
tions may be represented by 1-1, 1-2, and 2-2. For each of 
these interactions there is a corresponding second virial 
coefficient, , B ^ '  and B 22‘ can ri9orously shown
through the use of statistical mechanics that B, the second 
virial coefficient of the mixture can be defined by the 
following equation:
V ( U  - 1) = B + C/v (2)
where R = gas constant,
and v - 1) is plotted versus the density for low pressure R 1
(3)
where y^ = mole fraction of component "1", 
and y 2  = mole fraction of component "2".
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If the pure component second virial coefficients ( B ^  and 
B22) and the composition of the mixture are known, then the 
mixed second virial coefficient (B-^) can calculatecU if 
the value of B is known. For pure component "1" or com­
ponent "2" systems, Equation (3) reduces to 
B = Bll
or B = B 22.
Thus B11 and B22 can be evaluated from Equations (1) or (2) 
using P-V-T data for the pure components.
The second procedure is to obtain solid-vapor phase 
equilibrium temperatures, pressures, and vapor phase composi 
tions for the binary system under investigation. The less 
volatile component is condensed out as the solid phase. 
Usually the solubility effects in the solid phase can be 
ignored. The mixed second virial coefficient (B-^) can be 
calculated from thermodynamic phase equilibrium equations 
combined with the virial equation of state. Some assump­
tions are made with this approach that will be covered in 
later sections. This second procedure was used to determine 
values of the mixed second virial coefficient for the 
nitrogen-neopentane system.
Theoretical Development
The criteria for solid-vapor equilibrium in a binary 
system may be written as follows:.
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Ta =■ , (4)
p = p f (5)
and y1°t = , (6)
where T = system temperature, 
p = system pressure, 
and y = chemical potential.
The superscripts a and 3 refer to the two phases and the 
subscript "1" refers to a particular component. Using the
fugacity, Equation (6) may be stated differently.
f.," = fxe (7)
where f^a = fugacity of component "1" in the vapor phase,
and f^& = fugacity of component "1" in the solid phase.
Consider component "1" to be the less volatile of the 
two components. Then if the solubility of component "2" in 
the solid phase is ignored (this is a very good assumption 
in most cases) the fugacity of component "I" in the solid 
phase is equal to the "pure" component "1" fugacity evaluated 
at the temperature and pressure of the system (f^ ).
Therefore,
f /  = (8)
Let superscript o refer to the saturated solid and super­
script c refer to the condensed phase. The pure component 
"1 " fugacity may be expressed as
T 1517
RT In — = / (v C - dp , (9)
o
where R = gas constant,
v^c= molar volume of component "I".
Equation (9) can be expanded as follows:
o
RT In = / (v± - p-)dp + Sq (v1C - |^)dp (10)
o p^
where p-̂ ° = saturation pressure of component "1", 
and = vapor molar volume of component "l".
The pure component "1" saturated condensed phase fugacity 
can be written as
f ° px° i pmRT in = ; (Vl - ^-)dp. (11)
Pj_ o p
Substituting Equation (11) into Equation (10) and integrat­
ing yields:
f  C f  °
RT In -±- = RT In + v,C (p-p-, ) - RT In . (12)p o 1 ^ o
pi pi
In integrating Equation (10) it was assumed the molar volume 
of component "1" in the condensed phase is independent of 
pressure. Defining the fugacity coefficient at saturation
T 1517
Equation (12) can be rearranged to yield:
c , o,0 0 v x (p-p )
Pi *1 exp( RT } (14)














/ 3 V \ m( ^ ) T , p , n 2 - p- dp (15)
\t V n — 9n^ 2 V dV - RTlnz, (16)
where V = system volume,
z = compressibility factor of the mixture defined as 
pv/RT, where v is the molar volume of the mixture
3 V(■3^—) T ,p ,n2 = the partial derivative of the system 
1 volume with respect to the moles of
component '’ll! evaluated at constant 
temperature, system pressure, and
moles of component "2",
and (fiL-) T,v,n2 = the partial derivative of the system 
1 pressure with respect to the moles
of component "1" evaluated at constant 
temperature, system volume, and moles 
of component "2".
The integrals of Equations (15) and (16) can be evalu­
ated by experimental data or an equation of state. Since 
experimental P-V-T data for a particular mixture are hard 
to come by it is more realistic to choose the alternate 
course.
Most equations of state are empirical in nature. Mix­
ing rules for expressing the constants of the equation of 
state for the mixture in terms of the pure component con­
stants must be obtained. Thus using an empirical equation
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of state involves the problem of determining and justifying 
mixing rules for the constants in the equation of state when 
predicting P-V-T data for a binary mixture. A theoretical 
basis for justifying such mixing rules is needed. The 
virial equation of state for gases has such a theoretical 
basis and is free of assumptions. The Leiden form of the 
virial equation of state gives the compressibility factor 
as a power series expansion in the density or reciprocal 
molar volume of the mixture.
z = = 1 + ~ + - ~ 2  + —  ̂ + • • • ' (17)
v v
where v = molar volume of the mixture,
B = second virial coefficient of the mixture,
C = third virial coefficient of the mixture, 
and D = fourth virial coefficient of the mixture.
All the virial coefficients are functions of temperature and 
composition only. Mixed virial coefficients which represent 
specific interactions are functions of temperature only.
The mixing rule for B may be defined as in Equation (3) for 
a binary mixture. C can be defined by
C = y± C 11]L + 3yx y 2c 112 + 3y ly 2 C 122 + Y 2 C 222 ' (18)
where the subscripts 111, 112, 122, and 222 define three- 
molecule interactions. Both of these mixing rules can be 
derived from statistical mechanics. The compressibility 
factor can also be written as a power expansion series in
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the pressure. This is called the Berlin form of the virial 
equation of state.
z = = ! + B ’p + C'p2 + D ’p3 + .... (19)
These coefficients are functions of temperature and composi­
tion only. The coefficients of Equations (17) and (19) can 
be related by the following equations:
B- = If . (20)
C  = SzbL. , (21)
(RT)
, D-3BC+2B3 ,OONand D 1 =  ----- -5---   (22)
(RT)
Explicit Method: The Berlin form of the virial equa­
tion of state truncated after the second virial term is:
z - 1 + B 1p . (23)
Substituting Equation (20) into Equation (23) yields:
z = 1 + |E . (24)
The integral of Equation (15) can be calculated if it is 
assumed that Equation (24) describes the P-V-T properties 
of the equilibrium vapor phase over the range of pressures 
and temperatures investigated. The higher the density the 
less Equation (24) can be relied upon to predict P-V-T 
properties. If the vapor phase contains a very high percent­
age of the more volatile component, component "2", then the 




where ^ 2 ? ~ pure component "2" second virial coefficient.
In Table 1, compressibility factors for pure'nitrogen 
calculated from Equation (25) are compared to compressibil­
ity factors calculated from experimental P-V-T data for 
nitrogen. The highest density points for the two extreme 
isotherms were chosen as test points. This comparison was 
made in order to justify using Equation (24) to evaluate 
the integral of Equation (15) . Also listed in Table 1 are 
the compressibility factors calculated from the Leiden form 
of the virial equation of state truncated after the second 
virial coefficient, and the mole fractions of nitrogen in 
the nitrogen and neopentane vapor phase mixture.
Comparison of Compressibility Factors Calculated from Equa 
tion (25) With Experimental Compressibility Factors for 
Nitrogen at Two Sets of Conditions: (1) 257.86 K and 80.0
atm, (2) 199.62 K and 80.0 atm.
Table 1
Temp. Pressure Mole Fraction 
(K) (atm) N 2 in Sample Exp
Z1 (Compressi- Percent
bility Factor)  Error
Berlin Leiden Berlin Leiden
257.86 80.00 .9842 9683 .9474 .9457 2.154 2.330
199.62 80.00 9986 8603 .8235 .7952 4.282 7.567
Experimental P-V-T data for nitrogen were obtained from 
Strobridge (1962, p. 71). Second virial coefficients for 
nitrogen were calculated from the generalized correlations
of Pitzer and Curl. These values were compared with experi­
mental values listed in "The Virial Coefficients of Gases," 
by Dymond and Smith, 1969. The comparison showed good agree­
ment. The error between experimental compressibility factors 
and compressibility factors calculated from Equation (24) is 
less than 0.5 percent for all isotherms at pressures less 
than or equal to 4 0 atmospheres. The magnitude of this 
error is approximately equal to the error in the compressibil­
ity factor when using different published values of the 
second virial coefficient in Equation (25). The analysis 
shows that the Berlin form of the virial equation of state 
is more accurate than the Leiden form for pressures of 80.0 
atmospheres, and most probably for pressures less than 80 
atmospheres.





where n^ = number of moles of component "1", 
and n 2 = number of moles of component "2".
Then,
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Rearranging in terms of mole fractions gives:
T >  r n  p
(9n^)T 'P 'n2 p~ = B11 + Y 2 (2B12"Bll“B22) • (28)
Thus ,
) T ,p ,n3n-, ,sr '
RT
2 p dp B11 + Y 2 (2B12 B11 B22^
Substituting Equation (29) into Equation (15) gives:
a
RT In y xp p B11 + y 2 (2B12“B11 B22} (30)
For a detailed description of the derivation of Equation (3 
refer to Schaum's Outline Series, "Theory and Problems of 
Thermodynamics" by Abbott and Van Ness (1972, p. 242-244). 
Rearranging Equation (30) yields the following equation.
a y-jP exp p/RT Bll+Y2 (2B12 B11 B 22 ̂ (31)
From Equation (8),
y 1P exp p/RT Bix+y2^(2B12-B11-B22^
’iv, c (p-p, °) 0 , 0  1 ^ 1
P 1 ^1 exp RT (32)
Rearranging Equation (11) yields:
^ o
c{>̂ = exp 1/RT / (v.
L o
■
P ) dp (33)





Substituting Equation (34) into Equation (32) gives
ylP exp B11 + y 2 {2B12"B11 B 22^
0
r  _  O -  
B11P 1Px exp RT J exp
c . o x-V n (p-p, )
RT (35)
Rearranging Equation (3 5) gives:
° c / °\ Y ip H pi v i (p-pi >
ln — S’ = RT +  RT----
P1
P__RT B11 + y2 
o
(2B12~B11~B 22^ (36)
The quantity y^p/p^ is called the enhancement factor., Let 
this quantity be designated by the symbol E^. The quantity 
E^ is nearly always greater than unity. The following 





r -r, °  , c  / ° \




If the pressure, temperature, and vapor phase composi­
tion are measured experimentally, then to determine the 
mixed virial coefficients prom th*2 experimental
solid-vapor equilibrium data using Equation (37) , the fol­
lowing quantities must be known:
1) the pure component virial coefficients, B ^  and B 2 2
2) the solid molar volume of component "1", v^c ;
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o3) the vapor pressure of the solid component "I", p^ .
Chiu and Canfield Graphical Method: Chiu and Canfield
(1967, p. 741-7 53) developed the following equation using
the Berlin form of the virial equation of state truncated
after the third term:
E-,1
Yo P
o,RT ln(— -— ) - v± (p-p1 )+(l-y2 )Bxlp - B11p1oc..Yl Xx
2 -i(C - B  j n  °  n ^111 11 ;P1
2RT
(B 22“2Bi2) + P2RTy, 3C122Y2 6C112Y2Y1 3C111Y1
+ (2C222+4B22B12)Y2 + (6C122'f8B12 ‘f4B22B12)y2 Y1 
+ (l2B12Bii+6cii2)y2yi +(2cm + 4Bii )Y1
3B22Y 2 “12B22B12Y 2 Yl“ {12B12 +6B11B22)y1 y2
12B11B12Y 2Y 1 “ 3B11 Y 1 (38)
where y^0 ~ f^ /f^c ,
f ̂  = fugacity of component "1" in the condensed 
phase,
cand f^ = pure component fugacity of component "I" in a
condensed state.
All other variables are defined as before. The molar volume 
of the condensed phase was assumed to be independent of pres­




If the left-hand side of Equation (38) is defined as:




then Equation (38) can be rewritten in the form
(39)
ERT = (B22 - 2B12) + op, (40)
where o is a function of composition and the mixed second 
and third virial coefficients. To obtain (B 22*"^B12^ chiu 
and Canfield suggested that a plot of ERT versus p be 
extrapolated to an optimum extrapolation pressure, Po e *
This pressure is defined as that pressure at which the 
absolute value of op/ERT is a minimum subject to the con­
straint, pQe pi°* Thus, Equation (40) represents a simple 
graphical technique for obtaining B^2 , if B22 is known.
Other Methods: Kate (1972, p. 6-9) with the use of
the virial equation of state and Equation (16) developed 
the following equation:
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where z^ = compressibility factor of the mixture,
and V = molar volume of the mixture,m
Both z and V must be obtained from the virial equation of m m
state. The following assumptions were used in developing 
Equation (41):
1 ) the condensed phase is essentially pure;
2) the molar volume of the condensed phase component
is independent of the pressure,
3) the Leiden form of the virial equation of state 
truncated after the third term describes the P-V-T 
properties of the equilibrium vapor phase.
Equation (41) (Kate, 1972, p. 75) can be rearranged to a
convenient form
In ^  - v1c (p-p1°)/RT - B11p1°/RT - lnzm
+ 2y iBn /  vm 2
-2y 2B12 ^ Vm 3y2 C 122 ^ 2Vm ' *42)
This equation can now be written in a new form (Kate, 1972, 
p. 76).
y = -BX - CX2 , (43)
where y = lnE^-v^c (p-p^°)/RT - B^p-^/RT - lnz^
+ 2y 1B11/ vm+ (6y1y 2C 112+3y1 c 111)/2vm /
X = ^2 / V
B = 2B12' 
and C = 3C-^22/2.
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In order to determine the mixed second virial coef­
ficient (B22^ from Equations(42) and (43) the following 
quantities must be known:
1) the pure component virial coefficients, and
c2) the solid molar volume of component "1", v^ ;
3) the vapor pressure of solid component "1", P]_° ?
4) a value of the interaction virial coefficient, c n.2 *
Kate (1972, p. 76) suggests that with the use of experi­
mental data and the known quantities listed above, a least 
squares non-linear regression technique could be applied to 
Equation (4 3) to obtain the constants B and C.
Rowlinson and Richardson (1959, p. 104-105) with the 
use of Equation (16) and the Leiden form of the virial 
equation of state developed the following equation:
i ^ V 1 “2B12 , V1 Bll”’3//2C122 ,In E-, = --- —----  + ----- — ~-------- + .... (44)
± V Vm m
The following assumptions were made in developing Equation 
(44) :
1) the condensed phase is essentially pure;
2) the molar volume of the condensed phase is inde­
pendent of pressure;
3) the compressibility factor of the mixture (z^) is 
approximately equal to one;
4) the saturation fugacity coefficient (4>-j_°) is 
approximately equal to one;
5) the vapor pressure of the condensed phase component 
is small in comparison to the experimental system 
pressure; that is, p-p-^°-p;
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6) the system pressures are such that the vapor phase 
equilibrium data is obtained in a low density region;
7) the condensed phase component mole fraction (yp) in 
the equilibrium vapor phase is approximately zero;
8) the Leiden form of the virial equation of state 
truncated after the third term describes the P-V-T 
properties of the equilibrium vapor.
A non-linear regression technique can be used to solve 
for from Equation (44). If the operating pressures are
such that the vapor phase equilibrium data was taken in a 
low density region, then the second term of the right-hand 
side of Equation (44) can be ignored and a graphical tech­
nique can be utilized. The slope of a plot of natural log 
of the enhancement factor versus the mixture density yields 
if the molar volume of the condensed phase component is 
known. The intercept of this plot is the origin; thus the 
origin provides a pivot point for the straight line plot.
Another graphical technique for determining B ^  similar 
to the Rowlinson and Richardson development is obtained 
from the following equation (written communication, Dr. A.
J. Kidnay, 1972):
n r, ,-2B12+B22+Vl v , P1 (B11_V1 ) ,,r(In ^ ---- — ) p + ----- — --- —  . (45)
The development of this equation requires fewer assumptions 
than Equation (44) . The following is a list of these 
assumptions:
1 ) the condensed phase is essentially pure;
T 1517 29
2) the molar volume of the condensed phase component 
is independent of pressure;
3) the condensed phase component mole fraction, y^, 
in the equilibrium vapor phase is very small;
4) the Berlin form of the virial equation of state 
truncated after the second term describes the 
P-V-T properties of the equilibrium vapor.
If pure component second virial coefficients, vapor pres­
sures, and molar volumes are obtainable, the slope of a 
plot of natural log of the enhancement factor versus the 
pressure yields the value of T^e intercept provides
a pivot point for the straight line plot.
Prediction of Mixed Second Virial Coefficients
The molecular theory of corresponding states yields the 
following equation (Prausnitz, 1969, p. 70):
^11 = f (r/a ) , (46)
1 . ±
where = the potential energy function for the inter­
action between two component "I" molecules,
= an energy parameter,
r = the distance between molecules,
and = a characteristic distance parameter.
This equation states that the reduced potential energy is
some universal function of a reduced distance. In terms of
macroscopic properties Equation (46) can be written as
(Prausnitz, 1969, p. 122),
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= £b tT§7)' <">
where B-, = pure component second virial coefficient for
component."1",
T = the system temperature,
vc^ = the critical molar volume,
and Tc-̂  = the critical temperature.
This equation states that the reduced second virial coef­
ficient is some universal function of the reduced tempera­
ture .
McGlashan and Wormald (1964, p. 646) proposed a corre­
sponding states equation for the second virial coefficient 
which has been shown to apply to a wide range of inert gases
and simple hydrocarbons. The equation for the second virial
coefficient of a pure component is:
B, -1 -2
— = 0.430 - 0. 886 (=±-) - 0. 694 (=f— )VCj. TC1 Tcl
n, -4.5- 0.0375 (N-l) (^i-) , (48)
where N = the number of atoms for inert gases or the number
of carbon, atoms for hydrocarbons.
The addition of this third parameter, N, significantly 
improves the accuracy in predicting Pitzer and Curl
(1957, p. 2369) have proposed another three-parameter cor­
responding states equation. Instead of N, they have used a 




W 1 = "log1 0 (̂ > Tc~ = 0-7 ' 1-0000, (49)
P X 1
where w^ = accentric factor for component ,!1", 
p^s = saturation vapor pressure, 
p^c = critical pressure,
Tc-j = critical temperature,
and T = system temperature.
Their equation for the pure component second virial coef­
ficient is :
B p C
= (.1445 + . 073 w x) - (.330 - .46w1)
-1 -2 
(fH7) ~ (-1385 + .50w1)(?|-) - (.0121 + .
(^jH - (.0073W]L) (^~) 8 . (50)
Now, in trying to calculate a mixed second virial coef
ficient ( B ^ ) f°r a binary system, there is the problem of
obtaining values for N ^ ' w i2 ' )̂C12i' Tc12' an<̂  VC12° 0ne 
simple rule for is (Prausnitz, 1969, p. 125):
N12 = l (Nl + N2* * (51)
Expressions for the parameters of the Pitzer and Curl corre 
lation are as follows (Prausnitz, 1969, p. 129): 
zc., ?RTc1 9
pc10 = —  —  , (52)
12 vc12
where zc\2 ~ comP^essibility factor for a binary mixture 
at the critical point,
097w1)
T 1517 32
ZC12 = §^ZC1 + zc2  ̂ '
where zc^ = compressibility factor for component "1" at 
the critical point,
and zc2 = compressibility factor for component "2" at
the critical point.
From the Pitzer correlation for normal fluids,
zc^ = .291 - . 08w^
and zc~ = .291 - .08w,
(54)
W12 = ! (W1 + W2> ' (55)
where w ^  = accentric factor for the mixture,
w-̂  = accentric factor for component "1",
and W 2 = accentric factor for component "2".
Equations (53) and (55) are completely arbitrary. In order 
to obtain expressions for Tc-j_2 anc  ̂vc12 an<̂  therefore Pcj2 ' 
it is necessary to digress for a moment to the theory of 
intermolecular forces.
Hudson and McCoubrey Mixing Rule: The common semi-
empirical form of the intermolecular potential of two 
molecules separated by the distance r is (Prausnitz, 1969, 
p. 65):
r (r) = n > m, (56)
r r
where A, B, n, and m are positive constants. The first term 
on the right-hand side is the repulsive potential and the 
second term is the attractive potential.
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Table 2
Mixing Rules for the Critical Temperature of a Binary System 
for Calculating from Generalized Correlations




1 Tc12 = (TciTc2)
_ x1/2 , 3  32 (I-, I~) c ai ao 1/2
2 Tc = { . 1 2 V } {2 — ----   g}(Tc Tc )
12 1 - 2  ,<al+a2)
213 (e22a212)1/2
3 Tc = 4(W ___________£H V 2_________ (Tc Tc ,1/2
12 ( l + d ,/!,)}2 e „ a ,12 ^  13 1 2
2 1 {l+( 22 2 ) }
ellal
2(Tc,Tc,)1/2 ,
4 TC12 “ (Tc1+Tc2)—  (TCiTc2 >
5 Tc12 = {1-.17(I1-I2)1/2 ln(X1/I2)} (Tc1Tc2)1/2
°12 = ( ° ^ 2)1/2
6 Tc12 = (Tc1'rc2):L
2(I1I_) 1/2 1/2
7 Tc12 = {TT[+Tp4  (Tc1Tc2 )
2 (Tc,Tc,)1//2 1/2
8 TC12 (Tc1+Tc2) (TCjTc^)
9 Tc12 = {1-.17 (I1-I2) l n d j / l ^  } (Tc1Tc2)1/2
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Lennard Jones proposed an expression for the poten­
tial energy called the Lennard-Jones (12:6) potential. After 
substituting m=6 and n=12 into Equation (56) and mathematic­
ally operating on Equation (56) the following equation is 
obtained (Prausnitz, 1969, p. 66):
r n  <r > = 4ei
o, 12 a, 6
(pi) ” <— >
(Repulsive) (Attractive)
(57)
where e, = the negative of the minimum potential energy
corresponding to the equilibrium separation of 
two identical molecules,
and = the intermolecular distance corresponding to a
zero value for the potential energy of two 
identical molecules (the collision diameter).
London derived from quantum mechanics an expression for
the potential energy of two simple spherically symmetric
molecules "1" and 112" separated by large distances.. After
making some suitable approximations and substitutions this
equation becomes (Prausnitz, 1969, p. 62):
~ a, a9 I-i I?
ri2 (r) = ” § ~ ^ r  <i7+ir> ' (58>r 1 2
where = the polarizability of molecule 111" ,
c*2 = the polarizability of molecule "2",
= the ionization potential of molecule "1", 
and = the ionization potential of molecule "2".
If the molecules are identical Equation (58) becomes:
ri l (r) = " I Iia12/r6 . (59)
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If the attractive potential of Equation (57) is equated to 
Equation (59) the following equation results (Hudson and 
McCoubrey, I960, p. 761):
| I ^ 2 = 4e1a16 . (60)
Similarly,
3 - 2 . 6 ,,,.
4* 2a2 ~ 2°2 ’
When Equations (60) and (61) are used to solve for and a2
and then these expressions are substituted into Equation (58)
the following equation is obtained:
-2(1 I ) 4(e e )■p _ 1 2  4lel 2; „ 3„ 3
12 d i + I2) r6 1 2 * ( ^
If the attractive potential of Equation (57) is written for 
the interaction between two different molecular components 
(component "1" and component "2 "), and is equated to the 
right-hand side of Equation (62) the resulting equation is:
2 (i1i2) , ,01 a 2 , . .1/2 fr,.
12 * (I. +1.) * { 6 (£1E2̂  * ( ^
d a 12
Either one of two rules can be used to calculate 
The first rule is taken from the hard sphere interaction 
model (Prausnitz, 1969, p. 104). It states:
(Qi+a?)
°12 “   2 * ( 6 4 )
The second rule is completely empirical and states:
a12 = i°l°2 *
T 1517 36
If Equation (64) is substituted into Equation (63), the 
Hudson and McCoubrey mixing rule is obtained:
O t T  T 1/2 3 3f 1 1 2] i r„6 al 2 x ^  „ ,1/2 ,rrx
12 { In+I, » 6 1 2  ’ ( 11 2 ( 1 2
For simple nonpolar molecules, the following relation­
ships can be derived from the Lennard-Jones (12:6) potential 
(Prausnitz, 1969, p. 72):
| = .77 Tc, (67)
and 2/3 tt N a3 = .75 v , (68)c
where K = Boltzmann's constant,
and - Avogadro's constant.
Substituting Equation (67) for both mixture (1-2) and pure 
component interactions (1-1 and 2-2) into Equation (66) 
yields rule (2) of Table 2.
o/t -r \ 1/2 ^ 3„ 32 (1, i 7 I "Tc, 0 = { -A-f } {2 — ------   ITc, Tc_ . (69)1 2 I, +l^ , b 1 21 2 âl a2
al &a2 can °ktained by fitting Lennard-Jones parameters 
to experimental data for the pure components. If Equation 
(64) is assumed to be correct, then substituting Equa­
tion (68) for both the mixture and pure component inter­
actions' into Equation (64) gives an expression for vc^^.
1/3 1/3 3vc12 = 1/8(vc^ + vc2 ) c (70)
If Equation (65) is assumed to be correct, following the
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same procedure yields a different expression for vc.^*
v c 12 = ( v c . ^ 3 v c 2 1 / 3 ) 3 / 2  . (71)
Substituting Equation (65) and Equation (67) into Equation 
(63) yields rule (7).
TC12 = {U T ^ r - } (TC1TC2)1/2 . (72)
If the values calculated from Equations (69) and (70) or 
Equations (71)’ and (72) are substituted into the generalized
correlation equations along with values for the other quan-
/
tities needed, then a value for B^2 can be obtained.
Mean Mixing Rule; If the ionization potentials and 
collision diameter of the two molecules involved in the 
interaction are equal, Equation (69) yields rule (1) and 
Equation (72) yields rule (6). However, usually this is 
not the case. Prausnitz (1969, p. 157) suggests that the 
mean mixing rule is not adequate and should be rewritten 
a s :
Tc12 - (Tc1Tc2)1/2 (l-k12) , (73)
where the correction factor (l~k^2) is a function of the 
properties of two molecular species. k^2 is a constant, 
independent of temperature, pressure, and composition.
Good and Hope Mixing Rule: If Equations (60) and (61)
are used to solve 1^ and I2 , and if these expressions are
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substituted into Equation (58) the resulting equation is:
(74)-8a., ari2 (r) = 1 2
6 6
ele2al °2
6 2, 6 2 
aelal a2 2a2 al '
If the attractive potential of Equation (57) is written for 
the interaction between two different molecular components 
and is equated to the right-hand side of Equation (74), the 
following equation is obtained:
e12 2ala2
£l£2al 02
6 2, 6 2 
uelal a2 2a2 al
(75)
a12
In Equation (65) if it is assumed a^ = a2 and as
suggested by Good and Hope (1970, p. 112), then the follow­





Rewriting this equation in terms of pure component critical 




Tc^+Tc2 (t C;lt c 2)
1/2 (77)
This is rule (8) of Table 2.
The difference between rule (4) and rule (8) is in the 
use of either the arithmetic mean or geometric mean (Equations 
(70) and (71)) to calculate vc^2 ' w^ere vcq2 a Parameter 
of the generalized correlations.
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Sikora Mixing Rule: A theoretical development of the
Sikora mixing rule will not be presented here. However,
Sikora approaches the problem of developing a mixing rule by 
taking into account both the attractive and repulsive poten­
tial energies. With certain assumptions Sikora presents a 
unique repulsive potential expression and derives the follow­
ing mixing rule (Sikora, 1970, p. 1480):
1/2
Z12 = ^(I) f(V) (£1£2) '
where g (I) = — — — ~ I = I~/I-, ,
(1+1)
213^1/2 e22a2and f(V) = ------ ■---■ lS v E - ^ - 2  _ (?8)
{1+(V)1/13} eXXal
In terms of critical temperatures Equation (7 8) can be 
rewritten as
Tc12 = g (I) f (V) (Tc 1Tc 2)1//2 . (79)
This is rule (3) of Table 2.
Hiza and Duncan Mixing Rule: As a result of comprehen­
sive study of binary systems using hydrogen, helium and neon
with light hydrocarbons, Hiza and Duncan (1970, p. 736) 
proposed the following ''empirical" mixing rule:
Tc12 = 1 - k12 (Tc1Tc2)1//2 (80)
where k12 = .17 { I ^ I ^ 1^ 2 ln(IJL/I2) .
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This mixing rule has no theoretical background and was 
developed by fitting the experimental data. The Hiza and 
Duncan mixing rule may be questioned as to its applicability 
because when compared to other mixing rules the Hiza and 
Duncan mixing rule is in terms of only one parameter, the 
ionization potential. However, Fig. 4 (written communica­
tion, Dr. A. J. Kidnay, 1972) shows that for simple nonpolar 
substances the ionization potential is a smooth function of 
the collision diameter. Thus a two parameter function is 
implicit in Equation (80). The data used to plot Fig. 4 
was obtained from Tee, Gotah, and Stewart (1966, p. 357), 
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RESULTS
The first part of this section consists of the presen­
tation of equilibrium data for the nitrogen-neopentane system 
and preliminary measurements, which were performed to test 
the reliability and accuracy of the equipment and experimental 
procedures. The preliminary measurements consisted of vapor 
pressure measurements of carbon dioxide and solid-vapor 
equilibrium measurements of the helium-carbon dioxide system., 
The second part of this section consists of a discussion of 
the techniques used in the data reduction and the data reduc­
tion results.
Preliminary Measurements
In order to determine the accuracy and precision of the 
temperature, pressure, and equilibrium composition measure­
ments obtained from the equipment, two separate experimental 
tests were used. The first test was part of the Master of 
Science work performed by David Duston (1970, 78 p.). The 
vapor pressure of carbon dioxide was measured from 198 K to 
268 K and compared with literature values. The carbon 
dioxide used in the experiment was Coleman grade (99.95 
mole percent CC^). After temperature scale corrections were 
made the observed vapor pressures were compared with National 
Bureau of Standards data (Meyers and Van Dusen, 1933, p. 409).
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Table 3 (Duston, 1970, p. 37) presents a comparison of 
observed vapor pressures with vapor pressures from Meyers 
and Van Dusen (1933, p. 409). The data comparison listed in 
Table 3 insures a temperature measurement accuracy of 
approximately ± 0.01 K and a pressure measurement accuracy 
of ±0.04 psi (Seegers gauge).
The second experimental test was designed to investigate 
the capability of the experimental equipment to achieve and 
maintain an equilibrium state. To determine this, vapor 
composition measurements were taken for the helium-carbon 
dioxide system at 273.39 K for two different pressures, 50 
atm and 80 atm gauge pressure. All equilibrium temperature 
measurements presented in this thesis were obtained with an 
uncalibrated Leeds and Northrup platinum resistance ther­
mometer. The thermometer used to measure the vapor pressures 
of carbon dioxide was broken, recalibrated by Leeds and 
Northrup, and was then used to calibrate the uncalibrated 
thermometer. Details of this procedure are presented in 
Appendix F .
The data of the second experimental test were compared 
to data taken by Mackendrick (1968, p. 353) and Burfield 
(1970, p. 98). Fig. 5 is a graphical presentation of this 
comparison. If the experimental and Burfield data are com­
pared on the basis that both sets of data were taken at the 
same temperature, then these data deviate by no more than 
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Comparison of Observed Vapor Pressures of CO2 Using the Heise 
and Seegers 0-100 psi Gauges with Vapor Pressures from Meyers
and Van Dusen (1933, p. 409) for Run No. 6
Observed
Temp. Vapor Pressure Meyers and
Run IPTS 1968 (psia) Van Dusen Error (psia)
No. (Deg K) Heise* Seegers (psia) Heise Seeger
6 219.000 83.34 83.36 83.38 -.04 -.02
215.525 71.73 71.67 71. 62 + .11 + .05
212.278 55.76 55.71 55.78 -.02 -.07
210.838 50.42 50.35 50.40 + .02 -.05
208.985 44.13 44.10 44.13 0 -.03
206.137 35.85 35.84 35.84 + .01 0
201.851 26.04 25.97 25.98 + .06 -.01
207.997 41. 04 41.03 41.08 -.05 -.06
217.789 79.13 79.12 79.17 -.04 -.05
219.971 86.83 86.75 86.85 -.02 -.10
*Note: Calibration corrections have been applied to this gauge.
Experimental Data
After the preliminary measurements were completed, 
experimental solid-vapor equilibrium measurements were taken 
for the nitrogen-neopentane system. Data were taken at nine 
different pressures for each of seven isotherms with the 
exception of the 257.8 6 K isotherm. Temperatures ranged from 
199.62 K to 257.8 6 K and system pressures ranged from 3.5 atm 
to 80.8 atm. Sample raw data sheets are presented in 
Appendix E.
The experimental equilibrium data are presented in Table 
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Figure 8. Low Pressure Neopentane Enhancement Factors for the
Nitrogen-Neopentane System.
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fraction in the vapor phase is tabulated as a function of 
temperature and pressure. Only three or four significant 
figures for the neopentane mole fraction can be justified, 
yet almost always four are reported so that round-off error 
does not affect the plots. The enhancement factors,
=: PYi/Pi°r are also tabulated. The enhancement factors 
are functions of the vapor pressure of the condensed com­
ponent, component "I". Table 4 (Enokido, Shinoda, and 
Mashiko, 1968, p. 89) tabulates vapor pressure data for 
liquid and solid neopentane. These are the most recent 
experimental values for the vapor pressure of neopentane 
published in the literature. The enhancement factors tabu­
lated in Table 5 are calculated from measured system pres­
sures, experimental vapor phase compositions, and interpo­
lated values.of the vapor pressure from Table 4 correspond­
ing to the experimentally measured temperature. An inter­
polation using the logarithm of the vapor pressure versus 
the reciprocal temperature was utilized to obtain the vapor 
pressures of the condensed neopentane listed in Table 5.
The effect of vapor pressure on the calculation of B ^  will 
be discussed later. Fig. 6 is a plot of the neopentane mole 
fraction in the vapor phase versus the system pressure for 
lines of constant temperature. The lower isotherms exhibit 
minimums. Figs. 7 and 8 are plots of the enhancement factor 
of the neopentane versus the system pressure for lines of
T 1517 50
Table 4
Vapor Pressure of Solid and Liquid Neopentane (Enokido, 













































































































3.54 .11076 .37144 1.056
4.56 .08743 1.074
5. 82 .06894 1.080
10.82 .03982 1.160
20.82 .02476 1. 388
40.82 .01692 1. 859
60.82 .01568 2.568
80. 82 .01584 3.447
3.54 .07265 .24116 1.068
4.56 .05769 1.092
5. 82 .04615 1.115
10.82 .02723 1.223
20.82 .01694 1.464
30. 82 .01392 1.779
40.82 .01232 2.085
60.82 .01144 2. 885
80. 82 .01216 4.075
3.53 .04193 .13733 1.077
4.55 .03295 1.091
5. 82 .02635 1,117
10'. 82 .01571 1.238
20. 82 .01009 1.530
30.82 .00838 1 . 881
40. 82 .00757 2.250
60. 82 .00761 3.370
80. 82 .00843 4.961
3.53 .02307 .074417 1.095
4.55 .01820 1.114
5. 81 .01457 1.138
10. 81 .00869 1.263
20. 81 .00580 1.622
30. 81 .00483 2.000
40. 81 .00459 2.517
60. 82 .00480 3.923

























































































































Figure 10. Temperature Cross-Plot of the Neopentane Enhancement
Factor for the Nitrogen-Neopentane System.
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Figure 11. Temperature Cross-Plot of the Log of the Neopentane 












constant temperature. Fig. 8 is a magnified section of the 
low pressure region of Fig. 7. Figs. 7 and 8 are particu­
larly valuable because they are a measure of the accuracy 
and precision of the data. The isotherms of these plots 
should intercept the abscissa (the pressure axis) at a 
pressure equal to the vapor pressure. Based on this fact 
the data of Fig. 8 exhibit a maximum error of 1.5 percent 
in the enhancement factors. Figs. 9, 10, and 11 are cross 
plots of the data. Fig. 9 is a plot of the logarithm of 
the neopentane enhancement factors versus the system pres­
sure for lines of constant temperature. Under certain 
assumptions inherent in the development of Equation (45), 
each isothermal plot should be a straight line.
Data Reduction
Two different methods for reducing the experimental 
solid vapor equilibrium data to obtain values were
employed. In the first method (explicit method), B ^  values 
were calculated from experimental data and specifically 
known quantities using Equation (37). In the second method, 
the experimental data were analyzed using the graphical 
technique of Chiu and Canfield. Another less applicable 
method was used to obtain B-^ for two particular tempera­
tures, but the results obtained were not compatible with 
results from Equation (37) and the graphical technique of 
Chiu and Canfield; therefore, this method was not investi­
gated further.
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Explicit Method; From thermodynamic consideration of 
solid-vapor phase equilibria for a binary system, the fol­
lowing equation can be derived:
B12 2PY2
(37)
If solid-vapor equilibrium system pressures, temperatures, 
and vapor phase compositions can be acquired by experiment,
independent of pressure).
The Pitzer and Curl generalized correlation was used to
ficient for neopentane (B^) an<  ̂ nitrogen (&22^ * Table 6 
tabulates these values of and ^ 2 2  ^or eac 1̂ experimental
isotherm. The values of B^2 were compared with experimental 
values listed in the "Virial Coefficients of Gases," by 
Dymond and Smith, 196 9. The agreement was good. Values of 
the pure component second virial coefficient for neopentane 
(Bn) were also calculated using a (28:7) type of Lennard- 
Jones potential (Hamann and Lambert, 1954, p. 1-17). These 
values when compared to B ^  values calculated using the 
Pitzer and Curl generalized correlation deviated as much as 
13.2 percent (Pitzer and Curl B ^ ' s  were used as the base 
value in calculating this percentage). However, it will be
c othen Bj^ can calculated if v^ , p^ , B ^ ,  and B ^  are
known as functions of temperature (v -̂c is considered to be
calculate values of the pure component second virial coef-
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Table 6
Second Virial Coefficients for Neopentane (Bgg) and Nitrogen 
(B22) from 199.62 K to 257.86 K









shown later that the value of B ^  substituted into Equation 
(37) has little relative effect on the final value of B ^  
obtained from Equation (37).
The molar volume of condensed neopentane was assumed 
to have a constant value of 100.0 cc/g-mole. The molar vol­
ume of condensed neopentane at 293 K is 117.0 cc/g-mole 
(Weast, 1969, p. C-442). Knowing this, a value of 100.0 
cc/g-mole was assumed for the lower temperature range 
(199.62 K to 257.86 K) . For condensed phases the molar vol­
ume changes very little with pressure or temperature, if the
temperature range is relatively narrow. However, again it
cwill be shown later that the value of v^ substituted into 
Equation (37) has a relatively small effect on the value of 
B ± 2  obtained from Equation (37) except at high pressures; 
then this effect is significant.
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To determine the significance of each variable when 
calculating the value of from Equation (37), a sensi­
tivity analysis was carried out. Table 7 is a tabulation 
of base variable and altered variable values for the 249.47 K 
isotherm. Altered variable values are denoted by prime 
notation. The numerical differences between base and altered 
variable values for temperature, vapor pressure of neopen­
tane, molar volume of condensed neopentane, pressure, and 
mole fraction neopentane in the vapor phase are the approxi­
mate experimental errors associated with each of these 
variables.
Due to calibration error and from temperature stability 
tests, it was determined that ±0.01 K was a reasonable error 
in the temperature measurement, even though the platinum 
resistance thermometer has a precision of ±0.001 K. The 
vapor pressure error was determined from the temperature 
measurement error. Here it was assumed that the relation­
ship between the temperature and the vapor pressure of con­
densed neopentane tabulated in Table 5 is completely correct. 
The error in the molar volume of condensed neopentane was 
estimated to be ±10.0 cc/g-mole. Pressure errors were 
determined by the accuracy with which the operator could 
control the system pressure. For the psi gauges this was 
considered to be ±0.1 psi. For the atm gauge this was con­
sidered to be ±0.1 atm. The "largest possible" error in the 
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The numerical differences between the base variables and the 
altered variable values for the pure components second vir­
ial coefficients and ^ 2 2  ̂ were determined by the errors
associated with the Pitzer and Curl generalized correlation 
or by the experimental errors associated with published 
values of second virial coefficients.
Table 8 tabulates both the base value of and the
altered value of ^ 12 '̂  ^ue to a c^an<3e ln a particular
variable value. Both the base and altered B^^ values were 
calculated utilizing Equation (37). Table 8 presents both 
base and altered B ^  values for the 249.47 K isotherm over 
the total pressure range. Table 9 tabulates the percentage 
differences between the B ^  and B ^ ' values due to the 
"maximum" experimental error in each variable. B ^  was used 
as the base value in calculating the percentages tabulated 
in Table 9. These percentage differences decrease, with 
decreasing temperature. It can be concluded from Table 9 
that even a large difference between B ^  and yields an
insignificant error in B^^ when compared with the error due 
to altering the value of y^ within its associated "maximum"
experimental error limit. The error in B ^  due to altering
c . . . .the value of v^ by 10.0 percent is somewhat signincant at
higher pressures. The last column of Table 9 gives the 
maximum error in f°r each pressure. This was determined
by adjusting all the variables simultaneously, increasing, or 
decreasing each variable to a value associated with its
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Table 8
Base Values of Bp2 at 249.47 K Compared With Altered Values 







1 P ’ Bll' B22 '
i u■—i 
> i T' b p j 0
3.54 -114.4 -62.. 7 -105.. 8 -113. 1 -114..9 -108..9 -111.. 5
4. 56 -130 . 3 -91..4 -1.24..9 -129 .3 -130..8 -124..9 -128..0
5. 82 -127.4 -97.. 8 -124..1 -126. 6 -127..9 -122..2 -125..9
10. 82 -133.8 -118.,6 -125.. 8 -133. 3 -134.. 3 -128.. 7 -134..9
20. 82 -134.7 -126..9 -132.. 8 -134. 3 -135..2 -129 . 5 -134.. 2
30. 82 -139.5 -134.,5 -139 .0 -139 .1 -140..0 -134., 4 -139 .4
40. 82 -132.6 -129..0 -132..5 -132. 4 -133..1 -127..6 -132..6
60.82 -126.1 -123., 7 -126 .1 -125. 8 -126..6 -121.,0 -126 .. 1
80. 82 -124.1 -122., 3 -124.. 1 -123. 7 -124..6 -119.,0 -124..0
Table 9
Percentage Deviation Between Base Values of Bg2 a't 249.47 K 
and Altered Values of B]_2 Due to a Change in a Single Vari- 
able Value.
P
(atm) 0\° i—! 









3.54 45.2 7.5 1.1 0.4 4.7 2.5 55.1
4.56 29 . 8 4.1 0.7 0.4 4.1 1. 8 36. 8
5. 82 23.2 2.6 0.6 0.4 4.1 1.2 28.9
10. 82 11. 4 6.0 0.4 0.4 3.9 0.8 21.0
20. 82 5.7 1.4 0.3 0.4 3.8 0.3 10. 8
30. 82 3.5 0.3 0.2 0.4 3.7 0.0 7.7
40. 82 2. 8 0.0 0.2 0.4 3.8 0.0 6.9
60. 82 1.9 0.0 0.2 0.4 4.0 0.0 6.1
80. 82 1.3 0.0 0.2 0.4 4.0 0.0 5.5
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maximum error limit. Notice the summation of the percentages 
in each row of Table 9 does not equal the maximum percent 
error in that row. The maximum percent error decreases with 
decreasing temperature.
Since ±s not a function of the system pressure, a
plot of versus the system pressure for lines of constant
temperature should yield straight lines with zero slope.
The value of B ^  is most sensitive to the value of the neo­
pentane mole fraction in the vapor phase (y^)• Therefore, 
y^ for each pressure point can be adjusted incrementally from 
the base value by a certain percentage within its experimental 
error band until the best straight line is obtained. The 
mixed second virial coefficients associated with this best 
straight line are symbolized by Incrementally adjust­
ing Y-j_ h as a much greater effect on the calculated B.^ values 
for the low pressure region than for the high pressure region. 
Thus, adjusting y^ results in pivoting about the high pres­
sure points. Fig. 12 is an example of this pivoting process. 
The values of B ^  presented in Table 10 are the averages of 
the s ca±cu±ated from Equation (37) using base variable
values. The ^^2* vaiues are ^he average of the Bi2* ’s w^en 
y^ has been adjusted a certain percentage and these altered 
values yield the best straight lines. All y^'s correspond­
ing to the pressure points for each isotherm were simul­
taneously adjusted in increments of 0.2 percent up to ±1.5 
percent. The best set of incremented data was then
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Figure 12. Base and Pivoted Mixed Second Virial Coefficients 





























Average B]_2 Values Over the Temperature Range, 199.62 K to 
257. 86 K, Obtained from Base (Bj_2) / Pivoted (Bg2*) / an<3 Final 












257.86 -90.2 18.7 2 -101.7 11.2 5 -106.0 3.3 . 196
249.47 -129.2 7.3 4 -125.2 10.3 6 -125.5 4.7 . 165
239.48 -144.4 8.3 5 -143.8 8.6 5 -145.7 2.1 .144
229.53 -169.7 9.3 6 -169.7 9.3 6 -169.6 4.0 .121
219.56 -184.8 6.0 6 -184.8 6.0 6 -185.2 2.2 .125
209.59 -200.9 20 .6 3 -210.4 12.5 3 -209.6 3.5 . 115
199.62 -249.5 11. 4 3 -237.1 15.6 5 -235.6 5.8 . 110
subjectively determined for each isotherm by selecting that 
set which had a minimum standard deviation and at the same 
time would yield an increase in the number of points (n) whose 
values lie within a calculated confidence interval. The 
Student --t distribution was assumed to describe the popula­
tion of mixed second virial coefficients (B^'s an<3 B ^ * ' 3)*
A confidence level of 90 percent was selected. The values 
of Bj^** tabulated in Table 10 are the average of all the 
B12*'S a calculated confidence interval,
n is the number of points which lie within the confidence 
interval for both the base value B^ 1 s (Bi2  ̂ anc  ̂ P^vote<^
B.̂ 2 ' s (B-̂ 2* Is)* The standard deviations (ter) are also 
reported in Table 10.
The parameter as defined by Prausnitz (1969, p.
157) can be calculated from the McGlashan and Wormald
T 1517 6
generalized correlation by a trial and error procedure. If 
experimental values of 2 (here the values of B12** were 
used) and a value of vcj 2 anc  ̂N 12 calcu -̂ate<^ from Equations 
(70) and (51) are substituted into Equation (50), then Tc^2 
can be obtained by trial and error. k^2 is then calculated 
by utilizing Equation (73). The parameter k12 is presented 
in the last column of Table 10. The k^2 values increase 
with increasing temperature. k^2 is considered to be a func 
tion of the constituent characteristic properties only. 
However, this same temperature dependence is exhibited by 
other systems (Hiza and Duncan, 1970, p. 734).
Chiu and Canfield Graphical Technique: Equation (39)
was used to calculate values of the ERT function from the 
experimental data and other known quantities. Table 11 is a 
tabulation of the ERT function for both the base values of 
y^ and the altered values of y^ (y^1) at 249.47 K. The ERT 
function also exhibits a large error due to the experimental 
error in the neopentane mole fraction in the vapor phase. 
This error decreases with decreasing temperature. The ERT 
values for both the base values of y^ and the pivoted values 
of y^ (y^*, where y^* corresponds to B^2*) were plotted 
versus pressure in Figs. 13 and 14. Because of large sen­
sitivity, ERT values for pressures less than 20.82 atm were 
scattered. These lower pressure points were ignored in 






















e 13. Application of the Chiu and Canfield Technique to 
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re 14. Application of the Chiu & Canfield Technique to Solid- 
Vapor Equilibrium Data for the Nitrogen-Neopentane System.
0
ERT ERT*(y1*)
0 O  229.53
© ©  219.56
0 Q  209.59








Base Values of the ERT Function and Altered Values of the ERT 
Function Due to a Uniform Change of 1.5 Percent in the Vapor 
Phase Neopentane Mole Fraction.
Pressure ERT ERT1
(atm) (cc/g-mole) (cc/g-mole
.3.5 4 213. 4 109.9
4.56 245.0 167.1
5. 82 239 .1 179 .8
10. 82 251.7 221.2
20. 82 253.1 237.6
30 . 82 262 .7 252.9
40. 82 249 .0 241. 7
60. 82 235 .9 231.1
80. 87 231. 8 228. 3
optimum extrapolation pressure. The calculated values of the 
optimum extrapolation pressure were very close to the values 
of the vapor pressures; therefore, the ERT versus system 
pressure plots were extrapolated to the vapor pressure cor­
responding to each isotherm. Smooth curves were placed 
through the data by inspection.
Table 12 is a tabulation of the mixed second virial 
coefficient calculated by the above extrapolation. Bp2* 
the value of the mixed second virial coefficient obtained 
from an extrapolation of the pivoted data (using y^*).
<B12*> va-*-ue °f ^ e  mixed second virial coefficient
obtained from a straight-line extrapolation of the pivoted 
data. and o^ are the confidence interval limits asso­
ciated with <B-̂ 2*> at confidence levels of 9 0 percent and 
9 5 percent. A comparison of the values of B^2** ^rom Tahle 10
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Table 12
Mixed Second Virial Coefficients Over the Temperature Range 
19 9.62 K to 25 7. 86 I< From Both a Smooth Curve (B]_2*) and 
Straight Line (<B;l2*>) Extrapolation Using the Chiu and 
Canfield Graphical Technique.
B * <B >* +rrrTemperature 12 12 1 ~ 2
(K)______ cc/g-mole cc/g-mole cc/g-mole
257.86 -114.0 -115.0 16.3 24.0
249.47 -137.2 -140.6 25. 8 34.9
239.48 -155.3 -155.8 14. 8 20.0
229.53 -174.0 -176.1 16.3 22.0
219.56 -192.0 -194.3 14.1 19.0
209.59 -226.1 -227.8 18.2 24.6
199.62 -265.1 -262.6 55. 3 74. 8
with the values of B ^ *  of Table 11 shows that the maximum 
deviation between the two sets of values is 12.5 percent.
The average deviation is 7.2 percent. B]_2** WaS usec  ̂ as t îe 
base value in calculating this figure.
Other Methods: Subject to the assumptions inherent in
the development of Equation (45), a plot of the natural log 
of the enhancement factor of neopentane versus the system 
pressure should yield a straight line for each set of iso­
thermal data. Fig. 15 is a plot of the natural log of E^ 
versus the system pressure for isothermal data at 257.86K and 
209.59K. The B v a l u e s  calculated from the slopes of these 
lines are -122 cc/g-mole at 257.86 K and -258 cc/g-mole at
209.59 K. These values deviate considerably from the mixed 
second virial coefficients (B-^) calculated by the explicit 
method and the Chiu and Canfield graphical technique. One
T 1517
Figure 15. Graphical Technique for Obtaining Mixed 
Second Virial Coefficient from the Slope of a 
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main assumption inherent in the development of Equation (45)
is that y^ should be approximately equal to zero. The solid-
vapor equilibrium data show that y^ varies from 0.11076 at
3.54 atm to 0.01584 at 80.82 atm for the 257.86 K isotherm.
This is clearly a violation of the above assumption. These
large deviations may also result from assuming a constant 
c cvalue for v^ , since v^ is an important term in the calcula­




An evaluation of the two methods used in this study to 
obtain mixed second virial coefficients ( ^ 2) is presented. 
Finally, several mixing rules are used in conjunction with 
two generalized correlations to obtain values of the mixed 
second virial coefficients. These values are compared with 
the experimental values.
Explicit. Method
Equation (37) can be expressed in the following form:
B12 = (W + X  + Y + Z ) + B * <81)
where w = — t-j (B p °) = 1 2 (8^ ° )  ,
2py2 2p(l-y1)
, , , 1  r C , . O » -i 1 r . O . -i
X =  j {vl (P-Pi ) ' = --------- 2 {vl (P-Pl > }'2py2 apd-y.,^)
1 2 ^11 ^11 Y = {pB (y -1) } =  ----- — --=• ,
2py2 11 2 2 2 (l-y^)
1 2 22 Z = ---  (pB y ) = _22 ,
2py2
and B = — (In E-. ) = ---- — --~ (In E, ) .
2py2 2p U - y 1)
W, X, Y, and B are all expressed in terms of the mole frac­
tion of neopentane in the vapor phase (Yj_) • Since the value
of Bj^ is very sensitive to the value of y^ (where the value
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of lies within its experimental error band), it might be
valuable to determine which particular term W, X, Y, Z or B
or combination of terms is responsible for this sensitivity.
Table 13 tabulates the value of W, X, Y, Z and B obtained by
using base values of y^ for the 249.47 K isotherm. Table 14
tabulates the same terms using the altered values of y^
(y^'). From a comparison of these tables it can be concluded
that B is the only term which shows significant sensitivity
to the value of y^ (Z is a constant). Since W, X, Y, and B
all contain the term —  ----— and y, appears nowhere else
2p(1_yl) oexcept in the In E^ (E^ = y^P/p-^ ) term of B, then the In E^
must be responsible for the sensitivity of B.^ when altering
the value of y ^ . Figure 16 is a graph of the In E^ versus
E F i g .  16 shows that for the low pressure region (where
E^ is less than 1 .100) relatively small changes in E^ result
Y lPm  large changes in the value of the In E, (In --- ). There-
1 P1Q
fore, an experimental error of il.5 percent in the value of 
y-̂  yields a large error in the value of B ^  f°r the low 
pressure region.
An Antoinne equation fit of the vapor pressure data in 
the form,
log(p1°) = A + B/T, (82)
where A and B are constants, usually does not yield the 
accuracy required for the value of p^° substituted into the 
expression for E1 (y1p/p1°). Assuming that the vapor
T 1517 75
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E^ (Enhancement Factor of Neopentane)
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Table 13
Values of W, X, Y, Z and B (Equation (81)) at a Temperature 









3.54 .07265 -56.1 54.2 115.3 -8.2 -219.6
4.56 .05769 -42.1 53.3 89.3 -8.2 -222.6
5.82 .04615 -32.2 52.7 70.1 -8.2 -209.9
10.82 .02723 -16.7 51.7 40.2 -8.2 - 200.8
20.82 .01694 -8.5 51.1 24. 6 -8.2 -193.7
30.82 .01392 -5.7 51.0 20.1 -8.2 -196.7
40.82 .01232 -4.3 51.0 17.8 -8.2 -18 8.9
60.82 .01144 -2.9 51.0 16.5 -8.2 -182.5
80.82 .01216 -2.2 51.1 17.5 -8.2 -182.3
Table 14
Values of W, X, Y, Z and B (Equation 81)) at a Temperature 







W 1 X' Y 1 Z 1 B 1
(cc/g-mole)
3.54 .07156 -55.9 54.1 113.3 -8.2 -165.8
4.56 . 05682 -42.1 53.2 87.8 -8.2 -182.2
5.82 .04546 -32.2 52.6 69.0 - 8.2 -179.0
10. 82 .02682 -16.7 51. 6 39.6 -8.2 -184.9
20.82 .01669 - 8.5 51.1 24.2 -8.2 -185.6
30.82 .01371 - 5.7 51. 0 19.8 -8.2 -191.5
40.82 .01214 - 4.3 50.9 17.5 -8.2 -185.0
60. 82 .01127 - 2.9 50.9 16.2 -8.2 -179.8
80.82 .01198 - 2.2 51.1 17.3 -8.2 -180.3
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pressure data are exactly correct, a logarithm of the vapor 
pressure (p^°) versus the inverse of the absolute temperature 
(1/T) can be used between data points, which are separated by 
a few degrees, to give the accuracy needed.
Thus, very accurate vapor phase compositions and con­
densed phase vapor pressures must be obtained in order to 
insure satisfactory results in the low pressure region.
Chiu and Canfield Graphical Technique
In the Chiu and Canfield graphical technique the follow­
ing equation is used to obtain B^2 values:
ERT = (B22 - 2B12) + op, (40)
where for isothermal data ERT and o are functions of pressure 
only. ERT and o are defined in Equations (38) and (39). To 
obtain (B22 - 2B^2) Chiu and Canfield suggested that a plot 
of ERT versus p for isothermal data be extrapolated to an 
optimum extrapolation pressure. If B22 is known, B^2 can 
be obtained from the intercept (B 22~^B12  ̂' °^ ^his extrapola­
tion. Because the ERT term is very sensitive to small changes 
in y^ (where y^ lies within its own experimental error band), 
the lower pressure data are usually ignored in the above 
extrapolation process. Since o is an unknown function of 
the pressure, p, an extrapolation of a plot of ERT versus P 
ignoring low pressure data may give erroneous results for 
the value of B-^. The experimental error in the intercept, 
(B22-2B^2), is larger than any one experimental error
T 1517
associated with each pressure point value of ERT. This is 
because the experimental error in the pressure points is 
magnified by extrapolating to the optimum extrapolation 
pressure. Thus, extrapolating the ERT versus p curves by 
inspection to obtain can load to an undesirable degree
of uncertainty.
Comparison of Predicted B12 Values
Rules (1) through (9) of Table 2 were used in conjunc­
tion with the generalized correlations of Pitzer and Curl 
(Equation (50)) and McGlashan and Wormald (Equation (48)) to 
predict values of the mixed second virial coefficient.
Table 15 is a tabulation of the nitrogen and neopentane 
component molecular properties which were used to calculate 
the pseudo-critical temperature (Tc^2  ̂ m ixture«












Collision diameters (a) and energy parameters converted to 
pseudo-critical temperatures (e) tabulated in Table 15 for 
nitrogen (Hirschfelder, Curtis, and Bird, 1954, p. 1110) 
and for neopentane (Tee, Gotah, and Stewart, 1966, p. 357) 
were obtained from fitting Lennard-Jones (12:6) potential 
parameters to experimental data for each component. Ioniza­
tion potentials (I) for nitrogen (Weast, 1969, p. E-74) and 
for neopentane (Weast, 1969, p. E-80) are also tabulated in 
Table 15.
Table 16 presents predicted values using the nine
different mixing rules of Table 2 in conjunction with the 
McGlashan and Wormald generalized correlation (Equation (48)). 
Tc12 was ca^culate<  ̂ from the rules listed in Table 2. The 
value of vc^2 was calculated using Equation (70) or Equation 
(71) depending on whether the arithmetic mean or the geo­
metric mean expression is used to obtain the value of C -̂ 2 • 
Equations (70) and (71) yielded values of 175.59 cc/g-mole 
and 165.22 cc/g-mole respectively. and have values of
five and two respectively; however, was rounded down to
a value of three. Mixed second virial coefficients were cal­
culated from Equation (48) using the calculated values of 
Tc1 2 / vc12' an<̂  N12* a 1s o tabulated in Table 16 are the 
standard deviations (±a) calculated by comparing at each tem­
perature the predicted values of B ^  with the experimental 
values of B ^  f°r each mixing rule.
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different mixing rules of Table 2 in conjunction with the 
generalized correlation of Pitzer and Curl (Equation (50)). 
T c ^  an^ vc22 were calculated as outlined previously. A 
value of 0.207 for the accentric factor of neopentane (w^) 
was calculated using Equation (49). A value of 0.040 for 
the accentric factor of nitrogen (W2) was obtained from 
Prausnitz (1969, p. 74). The accentric factor for the bin­
ary mixture (w-ĵ ) was calculated using Equation (55) . The 
pseudo-critical pressure for the binary mixture (pc^) was 
calculated utilizing Equations (54), (53), and (52). Stand­
ard deviations (ia) were calculated by comparing the pre­
dicted values of to the experimental values at each
temperature for each mixing rule. These are tabulated in 
Table 17.
By comparing Table 16 and Table 17 it can be concluded 
that the empirical mixing rule of Hiza and Duncan (rule (5)) 
in conjunction with the generalized correlation of Pitzer 
and Curl yields the best predicted values of the mixed 
second virial coefficient for the nitrogen-neopentane system. 
Fig. 17 is a plot of B ^  versus temperature for Hiza and 
Duncan predicted values and experimental values. The mixing 
rule of Good and Hope (rule (4)) gives good results although 
in the derivation of this mixing rule it was assumed that 
the collision diameters and polarizabilities of the two com­
ponents were equal. In the Hudson and McCoubrey mixing rule 



















e 17. Comparison of Experimental B 1 2  Values with Those 
Predicted by the Hiza and Duncan Mixing Rule in 
Conjunction with the Pitzer and Curl Generalized 
Correlation.
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unity; therefore, it can be concluded that the collision 
diameter correction term tends to overcorrect for the large 
difference between the nitrogen and neopentane collision 
diameters. This is evidenced by comparing the value of 
Tc12 for rule (2) with the value of Tc12 obtained by using 
the Hiza and Duncan mixing rule (rule (5)). Notice that 
rule (2) gives a lower value for Tc22' Rule (7) which com­
pletely ignores the collision diameter correction gives a 
value of Tc^2 which to° high. This indicates that a 
correction term for interactions between two components which 
possess large differences in collision diameter needs to be 
formalized but that the correction term formalized in rule 
(2) is too small. This is also evidenced by the fact that 
the geometric mean mixing rule (rules (1) and (6)), which 
ignore differences in component molecular properties for the 
interaction between two different species, also yields a 
high value for Tc22* T^e Sikora mixing rule (rule (3)) is 
the worst predicter. This mixing rule, like the Hudson and 
McCoubrey mixing rule (rule (5)), tends to overcorrect for 
differences in molecular properties. It cannot be deter­
mined from this study whether the arithmetic mean (Equation 
(64)) or the geometric mean (Equation (65)) expression for 
the binary collision diameter (^^2  ̂ 9^ves better results.
Both the Hudson and McCoubrey mixing rule and the Sikora 
mixing rule were derived using the Lennard-Jones (12:6) 
potential. The universal use of these mixing rules assumes
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that the Lennard-Jones (12:6) potential is a representative 
model for all components and mixtures. Mixing rules 
derived from a consideration of the attractive potential 
term only (Hudson and McCoubrey), do not provide an adequate 
means for predicting values for all systems. However,
mixing rules derived from a consideration of both the 
attractive and repulsive potential terms (Sikora) give even 
more erroneous results for this particular system (nitrogen- 
neopentane). Since several assumptions are built into the 
Sikora mixing rule, a more extensive study of the repulsive 
potential term would seem desirable. Other expressions for 




Neopentane enhancement factor plots indicate that the 
enhancement factor is in error by no more than 1.5 percent 
for the low pressure region. Cross plots of the data show 
consistent results.
Ideally, mixed second virial coefficients should
be obtained from low pressure equilibrium data. However, 
because of the high sensitivity of the value of the mixed 
second virial coefficient to small changes in the neopentane 
enhancement factor (E^) at low pressures, the results 
obtained in the low pressure region must be regarded with 
suspicion. Techniques which use truncated forms of the 
virial equation of state to evaluate mixed second virial 
coefficients from experimental data must be investigated to 
determine an acceptable upper pressure limit for the experi­
mental data. This limit is determined by how well the trun­
cated form of the virial equation of state fits P-V-T data 
for the binary mixture over the total pressure range up to 
the upper pressure limit.
Values of the mixed second virial coefficient deter­
mined from experimental data do not show the same trend with 
temperature as the predicted values calculated from mixing 
rules in combination with generalized correlations. Experi-
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mental values of the mixed second virial coefficients tend 
to increasingly deviate from the predicted values with 
decreasing temperature. Other systems exhibit this same 
behavior (Hiza and Duncan, 1970, p. 734).
The empirical mixing rule of Hiza and Duncan in com­
bination with the generalized correlation of Pitzer and 
Curl yielded the best predicted values of the mixed second 
virial coefficient. These values ranged from -114.89 
cc/g-mole at 257.86 K to -210.27 cc/g-mole at 199.62 K.
The standard deviation of these predicted values when com­
pared to the experimental mixed second virial coefficient 
values is ±16.9 0 cc/g-mole.
Mixing rules which contain a correction term to account 
for the interaction between two components which possess 
large size differences tend to place too much emphasis on 
this factor (Hudson and McCoubrey, Sikora). A standard 
deviation of 184.4 cc/g-mole was obtained by comparing the 
experimental values to the predicted values of the mixed 
second virial coefficients using the Hudson and McCoubrey 
mixing rule in conjunction with the generalized correlation 
of Pitzer and Curl. Using the Pitzer and Curl generalized 
Correlation with the Sikora mixing rule yielded a standard 
deviation value of ±179.4 cc/g-mole.
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RECOMMENDATIONS
1) Replace the gas analysis system manometer with an 
inclined manometer so that a more precise injection pressure 
reading can be obtained.
2) Install a vapor recirculation pump.
3) Replace the exit throttle valve.
4) Install a vent system for the equilibrium system 
vacuum pump.
5) Recalibrate the Heise 0-100 psi gauge and the Seegers 
0-100 psi gauge.
6) Optimize chromatographic conditions to maximize 
recorder response.
7) Install an equilibrium system pressure controller.
8) Use research grade materials.
9) Have a compositional analysis done on the calibra­
tion gas.
10) Reconstruct and extend the calibration curve using 
different mixtures of neopentane in argon.
11) Obtain experimental data at system pressures which 
fulfill the assumptions inherent in the explicit method 
for obtaining mixed second virial coefficients.
12) Obtain experimental data at "intermediate" system 
pressures to avoid large sensitivity in the low pressure 
region.
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13) Use other techniques available for obtaining mixed 
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EQUIPMENT AND INSTRUMENTATION DESCRIPTION
The purpose of this section is to describe the design 
features of the equilibrium cell and supporting equipment.
An itemized description of the instrumentation used in the 
experimentation is also presented.
Equipment
The design and construction details of the equilibrium 
cell are presented here. Also included is a brief descrip­
tion of the support equipment (that equipment which is not 
a part of the process flow).
Equilibrium Cell: The equilibrium cell has four major
parts: 1) the cell block, 2) the cell cap, 3) the lead
gasket seal, and 4) the equilibrium tray assembly.
Fig. 18 (Duston, 1970, p. 9) presents some of the more 
important dimensions of the equilibrium cell assembly. The 
cell block is a bored out 6 3/4-in. long, 2 3/4-in. diameter 
copper cylinder. The wall thickness of the copper cylinder 
is 5/8-in. on the sides and 3/4 in. on the bottom. The 1/8- 
in. feed line is silver soldered 1/2 in. below the bottom 
tray and 1/2 in. above the bottom of the bore taper.
The purpose of the cap is to seal off the equilibrium 
cell from the atmosphere. Both the block and cap have 3/4 in.
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of S.A.E. threads for this purpose. The cap contains three 
threaded holes for the stainless-steel tubing which support 
the cell in the bath. The 1/4-in. copper fill line and 1/8- 
in. copper exit line are silver soldered to the cap.
The donut-shaped lead gasket is 1/16-in. thick and is 
situated between the cap and the top of the cell block.
When the cap is torqued down the lead flows into the void 
spaces providing a high pressure seal. The lead gasket is 
convenient because it provides a high pressure yet non­
permanent seal.
The equilibrium tray assembly is 1 1/2 in. in diameter 
and contains seven trays. Trays are spaced 1/2 in. apart 
with copper wool packing between trays to provide for in­
creased solid-vapor contacting. The tray assembly was con­
structed by stacking 7/16-in. spacing rings alternately with 
1/16-in. thick trays. The whole assembly was silver soldered 
together and soft soldered in the cell block at the top and 
bottom. The nitrogen enters the bottom of the cell through 
a 1/ 8-in. copper line and flows from bottom to top through 
downcomers made of 1/ 8-in. copper tubing extending 1/8 in. 
below and 1/4 in. above each tray. These downcomers were 
placed alternately on opposite sides of the trays. Because 
of this design the nitrogen flows through the cell in a 
cross-flow pattern, thus improving the contact time.
The copper-constantan thermocouple has a 304-stainless 
steel shield packed with magnesium oxide for insulation.
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The thermocouple shield is soft soldered in the cell block 
3/8 in. above the top tray.
The liquid capacity of the cell is approximately 200 cc. 
The total weight of the cell assembly is about 12.5 lbs. The 
cell was built this la.rge to provide thermal inertia and good 
temperature stability. Fig. 19 (Duston, 1970, p. 13) shows 
a top view of the bath arrangement. The main objectives here 
were to minimize thermal gradients due to refrigeration coils 
and heating elements.
Supporting Equipment; The equilibrium system is mounted 
on a steel framework 6-ft high, 4-ft wide, and 3-ft deep.
A 4 x 3-ft wooden panel board with mounted valving system 
and pressure gauges is bolted to the front of this framework. 
Chains are provided on either side of the framework to sup­
port gas cylinders. The entire equilibrium flow system is 
supported by a 3/4-in. copper plate which is connected to 
the top of the framework by three 1/4-in. steel rods. The 
cell hangs from the copper plate by three 1/ 8-in. stainless- 
steel supports. Appropriately spaced holes are drilled out 
in the copper plate to provide for supports, flow lines, and 
instrumentation (stirrer, temperature sensing device, and 
platinum resistance thermometer). The dewar containing the 
bath is raised up around the cell by a hand winch rigged to 
a system of pulleys with a 3/16-in. steel cable. Appropri­
ately spaced holes are drilled out in the dewar lid also.
T 1517 96
FIGURE 19
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Instrumentation
The more prominent features and capabilities of the 
instrumentation used in this experimentation are itemized.
Gas Chromatograph:
Manufacturer: Beckman Instruments, Inc.
Model N o . : GC 72-5 
Instrument No.: CSM 35152 
Columns: 40 DC 200/500 SER F556
Detector: Thermal Conductivity (solid state power supply)
Carrier Gas: Helium
Other Features: Heated Injection Valve
Emergency High-Temperature Shut-Off 
Switch
Injection Valve: Carle mini-volume valve, Series 5500
(utilizes shear sealing principle)
Recorder:
Manufacturer: Beckman Instruments, Inc.
Model No.: 1005 
Style: 10-inch Linear 
Instrument No.: CSM 35151
Features: Pen damping system to minimize overshoot 
Pen drive clutch in case pen is driven 
offscale - 1 , 10 , 100 mv ranges
Platinum Resistance Thermometers:




Range: -261°C to +250°C
Size: Approximately 2.5 in. long, 3/8 in. diameter 
Utility: Used to measure bath temperature during final 
runs




Range: -183°C to +650°C
Size: 3/8 in. diameter, 18 in. long
Utility: Used by D. D. Duston to measure vapor pressure 
of CC>2 . Inadvertently broken prior to argon- 
neopentane experiments, repaired, recalibrated, 
and used as standard to calibrate #179 34 36
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Temperature Controller:
Manufacturer: Bayley Instrument Co.
Model N o.: 121 
Mode: Proportional
Rating: -200°C to +100°C 
Bandwidth Range: 0.01°C to 2.0°C
Accuracy: 0.001°C
Sensing Probe: Platinum resistance in hermitically sealed
stainless steel sheath 
Heater: 125 watt tubular heater
Mueller Bridge:
Manufacturer: Rubicon Instruments, Inc.
Serial No.: 115682 
Instrument No.: CSM 35841
Resistance Range: 0 ohms to 141.110 ohms.
Limit of Error: 0.00005 ohm or 0.02% of setting
(whichever is larger)
Null Detector:
Manufacturer: Minneapolis-Honeywell Regulator Co.





1) Manufacturer: Heise 
Serial No.: H35532 
Type: Bourdon tube 
Range: 0-100 psi
Scale divisions: 0.1 psi 
Max NBS deviation: 0.15 psi 
"Zero" Pressure: atmospheric
Features: temperature compensated from -25°F to +125°F.
2) Manufacturer: Seegers 
Model No.: SS2170-100 
Serial N o.: S1730 
Type: Bourdon tube 
Range: 0-100 psi
Scale Divisions: 0.1 psi 
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3) Manufacturer: Heise
Serial N o.: C58810 
Type: Bourdon tube 
Range: 0-100 atmosphere 
Scale Divisions: 0.1 atm 
Max NBS deviation: 0.09 atm 
"Zero" Pressure: Atmospheric 




Model No.: 4555-3 
Features: Solid State




Model No.: 45556 
Serial N o.: 1563 
Features: Variable Speed
CW or CCW Operation
Stirrer
Manufacturer: CSM Instrument Shop
Material: Stainless Steel 




This section includes complete step-by-step operating 
instructions for obtaining equilibrium data using the exist­
ing equipment and instrumentation described in Appendix A.
It is strongly recommended that the operator familiarize 
himself with the flow scheme before initiating experimenta­
tion.
Equipment
In order to obtain accurate and precise equilibrium 
measurements, a standard operating procedure was formalized. 
Equipment Warmup:
1) Turn on chromatograph "Main Power" switch.
2) Set chromatograph variables as outlined under 
"Instrumentation."
a. Current @ 7 5 ma.
b. TCD power "off".
3) Set helium carrier gas variables.
a. Open gas cylinder valve.
b. Set pressure regulator @ 80 psi.
c. Set flow rate to 30 cc/min.
d. Flip toggle switches to open position.
4) Allow helium to flow for 15 minutes.
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KEY TO VALVING SYSTEM
Equilibrium System
El - Nitrogen Bottle Valve
E2 - Pressure Regulator Valve
E3 - Positive Shutoff Valve
E4 - Vernier Metering Needle Valve
E5 - Throttle Valve
E 6 - Positive Shutoff Valve
E7 - Valve for Monitoring Pressure on the psi Gauges
E 8 - Valve for Monitoring Pressure on the atm Gauges
E9 - Valve for Monitoring Pressure on the Inlet Side
of the cell
E10 - Valve for Monitoring Pressure on the Outlet Side 
of the Cell
Ell - psi Gauge Bleed Valve
E12 - Refrigeration Nitrogen Throttle Valve
E13 - Refrigeration Nitrogen Bypass Valve
E14 - Positive Shutoff Valve for Neopentane Fill Line
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Al - Equilibrium Gas Sample Inlet Valve
A2 - Calibration Gas Inlet Valve
A3 - Needle Valve
A4 - Vent Valve
A5 - Flow Metering Valve
A 6 - Needle Valve
A7 - Vernier Metering Needle Valve 
A 8 - Needle Valve 
A9 - Vacuum Pump Vent Valve 
A10 - Vacuum Pump Valve 
All - Needle Valve
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5) Turn recorder to "on" position.
6) Set pen control on "standby".
7) Set attenuation to "infinity".
8) Set pen control on "record".
9) Set recorder zero with "zero" knob on recorder.
10) Set chromatograph "zero" knob five turns from either
stop.
11) Set attenuation to "1".
12) Turn on power supply to TCD.
13) Allow one minute for warmup.
14) Obtain upscale reading with "polarity" switch.
15) Bring on scale with attenuation switch.
16) Adjust to approximately zero with "balance" control. 
This has been done to see that there is no serious 
imbalance due to filament damage, air leak into 
carrier gas, etc.
17) Increase current to desired value.
18) Adjust baseline with "zero" control on chromatograph
19) Turn on temperature controller.
20) Turn on thermometer current supply, and set the
current @ 2 ma.
21) Turn on null detector and balance.
22) Balance the Mueller bridge.
Gas Chromatograph Sensitization:
1) Set valves in the following positions:
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a. closed: A l , A2, A 4 , A5, A 7 , A10
b. open: A 9 , A 8 , All, A 6 , A3
c. sample injection valve in "fill1 position.




6) Open A 7 .
7) Evacuate.
8) Open calibration gas cylinder valve.




13) Open A 7 .
14) Allow the mercury level to fall until the right leg 
is opposite "5". This procedure purges the analysis 
system with calibration gas.
15) Close A 7 .
16) Open A 1 0 .
17) Evacuate.
18) Repeat steps 6 to 17, three times.
19) Close A10.
20) Open A7 until right leg of manometer is opposite "5".
21) Close A 7 .
22) Turn sample injection valve to "inject" position.
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23) Wait for recorder response.
24) Adjust attenuation if necessary to maximize response 
within chart scale.
25) Turn sample injection valve to "fill" position.
26) Open A10.
27) Evacuate.
28) Repeat steps 19 to 27 until neopentane peaks are 
reproducible.
29) Relieve pressure on pressure regulator diaphragm.
30) Open A4 until outlet gauge on the pressure regulator 
reads 1 0" .
31) Close A4 .
32) Close A2.
Equilibrium System Preparation:
1) Set valves in the following positions:
a. closed: El, E 2 , E 3 , E 4 , E 5 f E 6 , Ell, El4.
b. open: E9, E10, E 7 , E 8 , E12, E13.
2) Turn on equilibrium system vacuum pump.
3) Open E6 .
4) Open E5 slowly until both Heise and Seegers gauges 
read 1 0" .
5) Close E 7 .
6) Close E8 .





11) Tighten down E2 until outlet gauge on the pressure 
regulator reads 200 psi.
12) Open E3.
13) Open E 8 very slowly until the Heise gauge drops slowly.
14) Open E4 until movement of gauge needle stops.
15) Open E 8 fully.
16) Open E4 further to bring gauge needle to 10 atm.
17) Close E 4 .
18) Open E5 until gauge needle drops to "0".
19) Close E 8.
20) Open E5 fully.
21) Evacuate.
22) Repeat steps 9 to 21 three times.
(Gas from the equilibrium system will be tested to 
check for traces of neopentane or other contaminants)
2 3) Close E5.
24) Open Al.
25) Open A 4 .
26) Allow vacuum pump to draw air.
2 7) Turn off vacuum pump.
28) Close E6 .





























Close E 9 .
Open E 8 very slowly until gauge needle drops slowly. 
Open E4 until movement of gauge needle stops.
Open E 8 fully.
Open E4 further to bring gauge needle to 5 atm.
Close E4.
Open Al.
Evacuate sample gas line.
Close A10.
Slowly open E5 until manometer legs are equal.
Close E 5 .
Close A7.
Open A 5 .
Wait until rotameter float settles.
Slowly open E5 until rotameter registers a flow rate 
Allow to flow for approximately two minutes.
Close A5.
Open A7 slightly until right leg of manometer is 
opposite "50".
Close A7.
Set attenuation to "2".




56) Wait for recorder response.
57) Turn sample injection valve to "fill" position.
58) Repeat steps 49 to 57 to be sure no large neopentane 
peaks appear.
(When pressure drops below 3 atm, open E4 slowly to 
increase pressure to 5 atm)
Cooldown to Injection Temperature:
1) Carefully raise dewar with winch. (Be sure lid is 
sealed properly.)
2) Lock winch.
3) Slide clamps under support and tighten.
4) Open liquid outlet valve on liquid nitrogen storage 
dewar.
5) Start stirrer (CCW 0 3) with rotation set in CCW 
position.
6 ) Calculate "N" position reading 0 258.5 K.
7) Monitor temperature periodically.
8) When temperature reaches 260 K, set E12 eight turns 
from fully closed.
9) Monitor temperature continuously.
10) Set Mueller bridge resistance to value corresponding 
to 258.5 K .
11) As null detector needle approaches "O'", adjust "tem­
perature range" and "temp adjust" knobs on controller 
until controller meter registers approximately "40".
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12) Wait until temperature remains fairly constant.
13) a - If temperature is too high, reduce controller
settings slightly, 
b - If temperature is too low, increase controller 
settings slightly.
14) Repeat steps 11 to 13 until temperature is near or 
equal to 25 8.5 K.
15) a - If controller controls at a value greater than
"40", close E12 slightly, 

















Fill a small beaker with water.
Put the analysis vent line exit into the water. 
Close A 5 .
Open A 4 .
Close E4, if open.
Open E7 slowly.
Open E5 fully.
Wait until bubbling ceases.
Close E5.
Close A 4 .
Set all gauges (both Heise and Seegers) to "0". 
Close E 9 .
Close E10.
Close small valve on neopentane line.
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15) Open main valve on neopentane bottle.
16) Disconnect black plastic fill line from E14.
17) Turn on scale light of thermocouple potentiometer.
18) Slowly open the small valve on the neopentane line 
until neopentane flows out of the black plastic line.
19) Purge fitting on E14 with neopentane.
20) Disconnect black plastic line to E14.
21) Close small valve on neopentane line.
22) Weigh neopentane bottle.
2 3) Slowly open E14.
24) Depress "high" sensitivity button on thermocouple 
potentiometer.
25) Slowly open small valve on neopentane line until 
deflection occurs on thermocouple potentiometer 
scale.
26) Maintain a deflection of "5" units to the right on 
the thermocouple potentiometer scale with this 
small valve.
(The reason for injecting the neopentane at such a slow 
rate is to avoid the possibility of getting too much pure 
neopentane vapor in the outlet line. If too much pure 
neopentane vapor were to enter the heat exchanger it would 
condense or solidify upon pressurizing or lowering the 
temperature of the system. The nitrogen then would reach 
equilibrium with the neopentane outside the dewar at 
another temperature and the results would be erroneous.
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By experience it is known that if this happens, the 
equipment must be shut down because of the excessive 
time required to rid the system of this liquid)
27) a - If the deflection is less than "5", open the 
small valve slightly.
27) b - If the deflection is greater than "5", close the 
small valve slightly.
2 8) When 20 grams of neopentane have been injected (by 
difference weighings) close E14.
29) Close the small valve on the neopentane line.
30) Close the main valve on the neopentane bottle.
31) Disconnect the black plastic line from E14.
32) Wait until there is no deflection on the thermocouple 
potentiometer scale nor on the null detector.
33) Turn off scale light of thermocouple potentiometer.
Cool Down to Desired Temperature:
1) Open E9 and E10 simultaneously.
2) Open E4 slowly until pressure is approximately 40 psig. 
(This sweeps any neopentane vapor out of the heat 
exchanger into the cell)
3) Close E4.
4) Close E 9 .
5) Open A5 fully.
6) Open E5 until flow is detected.
7) Maintain pressure @ 40 psi with E4.
8) Turn "temperature range" and "temp adjust" knob to "0".
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9) Open E13.
10) As temperature reaches a value 1 K above the desired 
temperature (approximately the desired resistance 
plus 0.1000) close E13.
11) Set Mueller bridge resistance to the value correspond­
ing to the desired temperature.
12) Monitor the decreasing temperature on the null 
detector.
13) As the null detector needle approaches "0", increase 
the controller settings until the controller meter 
registers "40".
14) Wait until the temperature remains fairly constant.
15) a - If temperature is too high, decrease the con­
troller settings slightly, 
b - If temperature is too low, increase the con­
troller settings slightly.
16) Wait until the temperature remains fairly constant.
17) Repeat steps 13 through 16 until temperature is that 
desired.
18) Record "N" and "R" readings on Mueller bridge when 
balanced.
19) a - If controller meter reading is less than "10",
open E12 slightly, 
b - If controller meter reading is greater than "40", 
close E12 slightly.




2) Close A 5 .
3) Open E10.
(E10 is opened to allow the incoming nitrogen to bypass 
the cell in order to equalize pressure on both sides of 
the cell. Were it not for this, the higher pressure on 
the upstream side may force some solid (or liquid) neo­
pentane into the heat exchanger, thus causing the same 
problems as discussed previously)
4) Slowly open E4 to increase pressure in the system.
5) Keep the pressure on the outlet gauge of the nitrogen 
pressure regulator slightly above the pressure 
recorded on the system gauges in order to maintain
a positive pressure driving force.
6) Increase pressure to the desired value.
7) Close E4.
8) Close E 9 .
9) Wait for temperature to equilibrate.
(The sample line is now evacuated in order to minimize 
the length of time it will require for new equilibrium 






14) Evacuate sample line.
15) Close A10.
16) Open E5 until manometer legs are equal.
17) Close E5.
18) Close A7.
19) Open A 5 .
20) Wait for rotameter float to settle.
21) Open E5 slowly until desired flow is detected.





4) Close A 5 .
5) Open A7.
6) Allow pressure to increase until right leg of man­
ometer is opposite desired scale reading.
7) Close A7.
8) Open A 5 .
9) Inject sample.
10) Wait for recorder response.
11) Change sample injection valve to "fill" position.
12) Repeat steps 1 to 11 until neopentane peaks are
reproducible.
(To insure that these peaks correspond to an equilibrium 
state, lower the flow rate and take repeated samples over
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a 30 min time interval. If the peak heights are the same 
as those at the higher flow rate, then these peak height 
values correspond to the true equilibrium state of the 
system temperature and pressure)

































Increase the pressure regulator outlet setting on 
calibration gas bottle to 16 psig.
Close A 7 .
Close A 10.
Open A 2 .






























Repeat steps 30 to 34 three times.
Open A7 until right leg of manometer is opposite "5". 
Close A7.
Inject sample.
Wait for recorder response.




Repeat steps 36 to 4 3 until neopentane peak height 
is reproducible.
Record peak heights as "machine sensitivity".
Relieve pressure on pressure regulator diaphragm.
Open A 5 .
Vent calibration gas until the outlet of the pressure 
regulator reads "0".
Close A5.




Open A l .
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55) Evacuate sample line.
56) Close A10.
Pressure Increase:
1) Open E 9 .
2) Open E4 slowly to increase pressure.
3) Keep the outlet of the pressure regulator set 
slightly above system pressure.
4) If system pressure is greater than 90 psig, close E7, 
and monitor pressure on atmosphere gauge.
5) Open E4 until desired pressure is reached.
6) Close E4.
7) Close E 9 .
8) Open E5 slowly until manometer legs are equal.
9) Close E 5 .
10) Close A7.
11) Open A5.
12) Wait for rotameter float to settle.
13) Open E5 until desired flow rate is detected.
14) Open E4 to maintain desired pressure.
Pressure Decrease:
1) Open E 9 .
2) Reduce the pressure regulator outlet pressure with E2.
3) Open E14 slowly to vent gas until pressure is at 
desired value.
4) Close E14.
5) Close E 9 .
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10) Wait until rotameter float settles.
11) Open E5 slowly until desired flow is detected.
12) Open E4 to maintain desired system pressure. 

















Close valve on liquid nitrogen supply dewar.
Turn off stirrer.
Turn TCD current supply "off".
Turn TCD current supply to 75 ma.
Turn off recorder power.
Turn off temperature controller.
Turn off thermometer power supply.
Turn off null detector.
Close El.
Relieve pressure on E2 to bleed off line between E2 
and E4.





Open A 9 .
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16) Unplug analysis system vacuum pump.
17) Open E14.
18) Bleed pressure to 2-4 psig.
19) Close E14.
20) Close E 3 .
21) Release clamps under dewar support.
22) Lower dewar carefully with winch.
2 3) Support lid to eliminate strain on thermometer, 
leads, etc.
24) Scrape off frozen bath fluid from liquid nitrogen 
coils.
25) Cover dewar.
26) Decrease helium flow rate to 10 cc/min.
2 7) If equipment will not be operated for some time (one 
week or more) the main power to the chromatograph 
may be turned off.
Instrumentation
Temperature measurement, temperature control, pressure 
measurement, and vapor phase composition analysis are import­
ant functions in equilibrium data measurements. This sub­
section describes the operating procedures of instruments 
used for each function.
Mueller Bridge:
Preliminary Steps
1) Turn current supply on.
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2) Set current to a value of 2 ma.
3) Turn on power to null detector.
4) Balance null detector and adjust the detector to a 
high sensitivity.
Bridge ratio adjustment (this procedure should be
followed prior to every experimental run)
1) Insert plug firmly in "RATIO" position.
2) Place commutator midway between "N" and "R".
3) Set plug switch, XI, and X.l switches on "0".
4) Balance by adjusting the lower three dials until the
null detector exhibits a minimum deflection when "0" 
button is depressed.
5) Set XI and X.l dials to "R".
6) Depress the "0" button.
7) a - If null detector deflects the same as before, the
bridge is in proper adjustment, 
b - If null detector deflections differ, adjust the
"ADJ RATIO" dial to bring the deflection to a
value that is the mean of the two previous 
deflections.
8) Place XI and X.l dials in "0" position.
9) Repeat steps 4 through 8 until the deflection is 




(This procedure should be followed prior to every 
experimental run)
1) Insert plug in position marked "ZERO".
2) Set all switches at "0" (this includes the plug
switch).
3) Place commutator in "N" position.
4) Depress the "0" button.
5) Balance to zero deflection using "ADJ ZERO" dial.
6) Change commutator to "R" position.
7) Check the deflection.
8) a - If the deflection is zero, the bridge zero is
correct.
b - If the deflection is not zero, the bridge ratio 
is not correct and must be rechecked.
9) If zero deflection is not obtainable clean the 
commutator contacts.
Bath temperature measurement
Be sure thermometer leads are correctly attached. 
Balance the Mueller bridge.
Put plug switch in "Measure".
Set all rheostat dials on "0".
Set commutator on "N" position.
Depress "10000" button.
Increase bridge resistance until minimum deflection 
is noted on null detector.
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8) Depress "0" button.
9) Adjust bridge resistance until null detector 
deflection is zero.
10) Change commutator to "R" position.
11) Depress the "0" button.
12) Adjust bridge resistance until null detector deflec­
tion is zero.
13) Calculate the average of two resistances.
14) Divide this resistance by the thermometer resistance 
at 0°C.
15) Use this ratio to find the temperature by linear 
interpolation between values on the calibration 
scale.
Temperature Controller:
1) Turn "Power" on.
2) Set proportional "Band Width" @ 5 .
3) Set "Gain" @ 4.
4) For greatest sensitivity when controlling at a cer­
tain temperature maintain controller meter reading 
between 10 and 40.
Potentiometer:
1) Standard cell setting @ 1.0189.
2) Turn galvanometer lamp light on.
3) Push high sensitivity button.
4) Zero the potentiometer with the "ADJ ZERO".
5) Connect thermocouple leads.
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6) Push high sensitivity button and read deflection.
Pressure Gauges:
1) Zero Seegers psi gauge by adjusting reference set 
screw.
2) Zero Heise, atm, and psi gauges by adjusting the 
reference adjust knobs.
3) In pressurizing do not go beyond maximum scale 
readings.
4) Do not pressurize quickly so that the reference to 
barometric pressure is maintained.















Column temperature @ 100 degrees C.
Detector temperature @ 16 3 degrees C.
Inlet temperature @ 90 degrees C.
Valve temperature @ 10 3 degrees C.
Detector line temperature @ 12 8 degrees C.
Helium flow rate @ 30 cc/min in both columns. 
Helium head pressure on left flow meter @ 7 psi. 
Helium head pressure on right flow meter @ 11 psi. 
TCD current @ 250 ma.
Recorder selector on Det. 1.




1) Swagelok fittings and Whitey valves
Denver Valve and Fitting Co.
9 80 Simms 
Denver, Colo.
Phone 238-1319
2) Hoke valves and Wallace & Tiernan rotameters
Ross Equipment 
2149 South Clermont 
Denver, Colo.
Phone 759-4215
3) Liquid nitrogen, compressed gas (Ar,N2 ,H2 )
United States Welding Co.





2 805 South Raritan 
Denver, Colo.
Phone 789-1858




















Van Waters and Rogers, Inc.























Matheson Gas Products 
East Rutherford 
New Jersey
13) Platinum resistance thermometers




Leeds and Northrup Co.
2715 South Locust 
Denver, Colo.
Phone 759-2701
15) Safety relief valves
Haskell Engineering and Supply Co. 
















Many problems were encountered during the course of the 
experimental work. Often the difficulties were solved only 
to reappear later. The experience acquired by repeatedly 
solving these problems proved invaluable to the smooth 
operation of the equipment. The contents of this section 
should provide future investigators with some insight into 
the possible solutions of various difficulties, should they 
arise.
System Leaks
1) Frequently used valves (e.g. A10) should be checked 
periodically for leaks around the valve stems. 
Tighten the packing if required.
2) The glass-plastic coupling on the right leg of the 
manometer tube is prone to occasional leakage.
3) High pressure valves on the equilibrium panel board 
are apt to rotate slightly within the panel and thus 
fatigue the copper tubing adjacent to the valve.
The only solution is to replace the faulty tubing.
Operational Vibrations
1) Most common cause of vibration is the formation of 
ice in and around the hole in the dewar lid reserved
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for the stirrer shaft. This ice can usually be 
melted or chipped away.
2) After prolonged operation the bath fluid accumulates 
in solid form around the liquid nitrogen coil and 
eventually touches the stirrer impellers. This can 
usually be remedied by adjusting the dewar with 
various tensions on the three support rods.
Chromatograph Difficulties - Refer to the manual accompanying 
the gas chromatograph.
Absence of Neopentane in Sample Gas
1) This problem will arise if both E9 and E10 are open. 
The entering nitrogen then bypasses the cell. The 
solution is to close one of the valves.
2) Neopentane may have been exhausted in the cell. 
However, this situation can usually be noted by a 
continually decreasing peak height rather than an 
immediate lack of peaks.
Low Liquid Nitrogen Pressure
1) If the dewar was recently filled, the heat leak may 
not be sufficient to increase the internal pressure 
to the 25 psig maximum.
2) The safety relief valve on the liquid nitrogen dewar 
may have been inadvertently set at a pressure below 
25 psig.
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3) If the level indicator on the liquid nitrogen dewar 
is low, the dewar may in fact be empty, as the level 
indicators are occasionally in error.
Solid Neopentane Blocks in the System
By necessity, the path the nitrogen takes in passing 
through the equilibrium cell is fairly tortuous. 
Therefore, it is quite possible that the path may 
become blocked by solid neopentane. Detecting these 
obstructions and removing them will become easier as 
the operator gains experience. The following procedure 
will provide a starting point for the new operator.
By regulating pressures on either side of the obstruc­
tion, the operator must be able to detect any obstruc­
tion and then remove it by forcing it out of the vapor 
path without allowing any solid neopentane to enter the 
external heat exchanger. If any neopentane does enter 
the heat exchanger, it will usually require several 
hours to vaporize the solid.
Obstruction Detection During Cooldown:
1) Maintain low flow rate through the cell.
2) Maintain pressure with E4.
3) Close E9.
4) Open E10.
5) If pressure drops, open E4 slightly.




9) Increase upstream pressure by opening E4 until pres­
sure is about one atmosphere above the desired 
pressure.
10) Close E 4 .
11) Close E 9 .
12) Open E10.
13) If this pressure is significantly lower than the 
upstream pressure, there is a block.
Determination of the Location of the Obstruction:
1) Close E 9 .
2) Open E10.
3) Open E14 slightly.
4) a - If gas escapes quickly and then stops, there is a
block on the top tray of the cell, 
b - If pressure drops quickly, there is a block on an 
intermediate tray in the cell, 
c - If gas escapes quickly but pressure remains con­
stant, there is a block in the outlet line 
between the cell and the heat exchanger. 
Obstruction Removal:
Block on the top tray
1) Open E9.
2) Open E10.
3) Pressurize system to approximately 70 psig.
4) Close E10.
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5) Open Ell and vent gas until pressure, on upstream 
side is 5 psig.
6) The higher pressure on the downstream side should 
force the solid block into the cell.
Block on an intermediate tray
1) Close E10.
2) Open E 9 .
3) Increase pressure quickly to 60 psig by using E4.
4) Close E 9 .
5) Open E10.
6) a - If pressure is the same, the block has been
removed.
b - If pressure is considerably lower, the block is 
still present.
7) Open Ell until pressure on downstream side is 20 psig.
8) Close E10.
9) Open E9.
10) a - If pressure is the same, the block has been 
removed.
b - If the pressure is higher but decreasing, the 
block has been weakened, 
c - If the pressure remains high, follow procedure 
for removing a block from the top tray.
Block between cell and heat exchanger




The data dated 9/19/72 do not contain corrected tem­
perature or vapor pressure measurements. The average peak 
heights were corrected because during the experimentation 
a different division recorder chart paper was used than that 
used to plot the calibration curve. The factor used was
The final data sheet dated 10/4/72 contains the final 
data reduction to obtain vapor phase compositions for the 
199.62 K isotherm. The temperature measurement for the 
uncalibrated thermometer has been corrected. Also, more 
accurate vapor pressure data were obtained from Enokido, 
Shinoda, and Mashiko (196 8 , p. 89) to insure accurate 
enhancement factor plots. Because the calibration gas com­
position was later rechecked using the chromatograph and 
was found to be different, a correction factor (.810/.805) 
has been applied to the data. Below is a listing of the 
meanings of the data sheet abbreviations used.
1.100.
Key to Data Sheet Abbreviations
T : temperature
NorR : commutator normal and reverse readings on the 
Mueller bridge
o : vapor pressure of neopentane at the corresponding 
temperatureP
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S„P. : system pressure gauge readings
F.R. : nitrogen flow rate through the cell
R.L. : right leg reading* on the analysis system manometer
Att. : attenuation setting on the chromatograph
B.P. : barometric pressure
P.H. : peak height
S.P.' : absolute system pressure
p : manometer pressure
p* : absolute injection pressure
M.S. : machine sensitivity
A : sensitivity correction
D : barometric pressure correction
DA or C : true sensitivity correction
C(P.He) s raw peak height
M : attenuation correction
P.H.' : corrected peak height
pp neo» (.805%): partial pressure of neopentane assuming 
the indicated mole percent neopentane in the 
calibration gas
pp neo. (~.810%) ; partial pressure of neopentane assuming 
the indicated mole percent- neopentane in the 
calibration gas
y(.810%) : mole fraction neopentane in the vapor phase
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The purpose of this section is to illustrate and explain 
the various calculations which were made before, during, and 
after the raw data was obtained. Included are descriptions 
of the major difficulties encountered throughout the course 
of the experimental work. Should future investigators exper­
ience similar problems, perhaps the solutions and ideas pre­
sented here will be of assistance to them in their work.
Calibration Curve Construction
Sample gas from the equilibrium system contained varying 
amounts of neopentane. When this gas was injected into the 
gas chromatograph at certain set conditions, a peak was pro­
duced on the recorder. The height of this peak then had to 
be related to a known quantity of neopentane. In order to 
calibrate the gas chromatograph, varying known amounts of 
neopentane were injected and the resulting peak heights 
noted. This was accomplished by purchasing a cylinder of a 
known argon-neopentane composition and injecting a constant 
volume of gas (1 cc sample loop size) into the gas chromato­
graph at various pressures. The standard concentration was 
first assumed to be 0.9 6 mole percent neopentane in argon, 
as stated by the supplier. The injection pressure was
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monitored with the analysis system manometer. Since the 
manometer measured only the pressure relative to the pre­
vailing atmospheric pressure, the manometer reading was 
added to the barometric pressure in order to determine the 
absolute pressure. The barometric pressure was measured 
on a standard barometer located in the laboratory.
Using the equation,
PPA = ^APt
where pp = partial pressure of component A,
yA = mole fraction of component A in system, 
and p = total pressure in the system, 
it follows that the absolute pressure times 0.0096 is the
partial pressure of neopentane. Each partial pressure pro­
duces a corresponding peak height on the recorder. Since 
the resolution and sharpness of the peak produced on the 
recorder were very good, a calibration of peak height vs. 
partial pressure neopentane was constructed.
Sample Calculation:
1) Calibration gas injected at manometer pressure 
of -375 mm Hg.
2) Barometric pressure as read on barometer = 618.2 
mm Hg.
3) Absolute injecting pressure = -375 mm Hg + 618.2 
mm Hg = 24 3.2 mm Hg.
4) pp = y p. rm e o  Jneort
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Table 18
Calibration Curve Data Using the Beckman GC 72-5.
I. Calibration Gas Samples (assuming 0.96 mole percent neo­
pentane). Base Barometric Pressure = 618.2. Base 












4 3.2 mm 1 1.82 0.4 6 0.4147
143.2 2 2.9,5 1.48 1.375
243. 2 2 5. 00 2.50 2.335
343.2 4 3. 51 3.51 3.295
443.2 4 4.53 4.53 4.255
543. 2 4 5.57 5. 57 5.215
643.2 4 6. 58 6.58 6.175
743.2 4 7. 58 7.58 7.135
843.2 4 8.60 8.60 8 .095
943.2 8 4.80 9.60 9.055
1043.2 8 5.31 10.62 10.015
1143.2 8 5.81 11.62 10.975
1243.2 8 6.32 12.64 11.935
1343.2 8 6.85 13.70 12.895
II. Pure Neopentane Samples 
Data of 4/21/72
13.2 16 4.12-4.55 18.20-16.48 13.2
19.2 16 5.88-6.26 25.04-23.54 19.2
23.2 16 7.00-7.55 30.20-28.00 23.2
43.2 32 6.60-6.82 54.56-52.80 43.2
84.2 64 6.36- 101.76 84.2
143.2 128 5.43 173.76 143.2
243. 2 256 4.51 288.64 243.2
443.2 512 3.96 506.88 443.2
643.2 512 5.45 697.60 643. 2
1043.2 1024 4.01. 1026.56 1043.2
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5) PP = (0 .0096) (243. 2 mm Hg) = 2. 335 mm Hg.neo
6) Chromatograph attenuation used 2.
7) Base attenuation used for calibration curve 4.
8) Peak height read on recorder = 5.00 units.
9) Corrected peak height = 2/4 x 5.00 units 
= 2.50 units.
10) Value plotted on abscissa = 2.335 mm Hg.
11) Value plotted on ordinate = 2.50 units.
Background; When the first calibration curve was con­
structed, the gas chromatograph used was a Hewlett-Packard 
Model 1056 with flame ionization detectors. The gas injec­
tion valve was designed with a sliding, stainless steel 
piston within a stainless steel barrel. Seals between the 
chambers were Viton O-rings. The lubricant used was stand­
ard Dow-Corning silicon lubricant. The initial results 
indicated that there was something wrong with the analysis 
system since non-reproducible results were being obtained. 
The difficulty was eventually traced to the gas injection 
valve where neopentane was being adsorbed in the lubricant 
and was eventually being adsorbed by the 0-rings. Buna 
rubber and silicon rubber O-rings were tried, but the lubri­
cation problem remained. Teflon O-rings would have solved 
the problem, but they were not suitable to the design of the 
piston. The problem was finally solved by purchasing an 
entirely new Teflon-packed valve. With this valve and the
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Hewlett-Packard chromatograph a useable calibration curve 
was obtained.
When funds became available, a new Beckman GC 7 2-5 gas 
chromatograph was purchased for the project. The valve in 
this system was a Teflon-packed sliding disc valve manufac­
tured by Carle Valves, Inc. No adsorption or leakage prob­
lems were noted with this valve.
A new calibration curve was produced using the same 
calculational procedures as previously described. Because 
of high enhancement factors it was felt that the calibration 
gas composition should be checked using pure neopentane as 
a standard. To do this, pure neopentane was injected over 
the entire manometer pressure range and the data plotted on 
the same graph as the calibration gas. The two curves did 
not overlap. The pure neopentane curve was extrapolated to 
the origin and the extrapolated curve was used for all 
further calculations. By ratioing the slopes of the two 
lines, the new curve was found to correspond to a gas com­
position of 0.805 mole percent neopentane.
The calibration gas composition was checked at a later 
date using chromatographic techniques. Pure neopentane was 
injected at a known pressure, then the peak height and atten­
uation were noted. Calibration gas was then injected at the 
same pressure. By referring both measurements to a common 
attenuation and sensitivity, it was determined that the 
calibration gas was actually 0.81 mole percent neopentane.
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Since all data had been taken using the graphically deter­
mined 0.805 mole percent figure, the partial pressure was 
multiplied by a factor of 0.81/0.805 to arrive at the cor­
rect value of partial pressure. This can be done because 
the calibration curve is linear.
Chromatographic Analysis of Calibration Gas: This sec­
tion includes two separate analyses of the calibrated gas. 
The results were averaged and a final composition of the 
calibration gas was fixed at .810 mole percent neopentane.
Data for first analysis
1) Calibration gas to be analyzed
Barometric pressure = 620.7 mm Hg 
Injection Pressure = +725 mm Hg 
Attenuation = 8 
Peak height = 6.906 units
2) Sensitivity check for calibration gas
Barometric pressure - 620.7 mm Hg 
Injection pressure = +725 mm Hg 
Attenuation = 16 
Peak height = 3.456 units
3) Pure neopentane (base of calculations)
Barometric pressure = 620.3 mm Hg 
Injection pressure = -514 mm Hg 
Attenuation = 64 
Peak height = 8.258 units
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4) Sensitivity check for pure neopentane
Barometric pressure = 620.4 - 620.3 mm Hg 
Injection pressure = +725 mm Hg 
Attenuation = 16 
Peak height = 3.412 
Sample calculations
1) Attenuation correction factor = 8.048
2) Pure neopentane peak @ attenuation = 8  ... 66.460 units
Calibration gas peak @ attenuation = 8  ... 6.906 units
3) Barometric pressure correction = (620.7+725)/(620.3+725)
4) Machine sensitivity correction = 3.412/3.456
5) Total correction factor = .987562
6) Corrected calibration gas peak height = 6.820 units
7) Mole fraction neopentane in sample = (106.3/1345.7) 
x (6.820/66.460) = 0.00811
Data for second analysis
1) Calibration gas to be analyzed
Barometric pressure = 620.4 mm Hg 
Injection pressure = +7 25 mm Hg 
Attenuation = 8 
Peak height = 7.104 units
2) Sensitivity check for calibration gas
Barometric pressure = 620.4 mm Hg 
Injection pressure = +725 mm Hg 
Attenuation = 8 
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3) Pure neopentane (basis)
Barometric pressure = 619.2 mm Hg 
Injection pressure = -514 mm Hg 
Attenuation = 64 
Peak height = 8.555 units
4) Sensitivity check for pure neopentane
Barometric pressure = 619.1 - 619.2 mm Hg 
Injection pressure = +725 mm Hg 
Attenuation = 8 
Peak height = 7.110 units 
Sample calculations
1) Attenuation correction factor = 8.048
2) Pure neopentane peak @ attenuation = 8...68.847 units 
Calibration gas peak @ attenuation = 8...7.104 units
3) Barometric pressure correction = 620.4+725/619.2+725-
4) Machine sensitivity correction = 7.110/7.104
5) Total correction factor = 1.001813
6) Corrected calibration gas peak height = 7.117 units
7) Mole fraction neopentane in sample = (105.2/134 5.4) 
x (7.117/68.847) = .00808
Temperature Measurement
The temperature of the bath was measured using a Leeds 
and Northrup platinum resistance thermometer. To take a 
measurement a 2 ma current was applied to the thermometer 
and the resistance of the platinum helix was balanced with a
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resistance on the Mueller bridge. The bridge resistance 
was then read from the resistance dials. There were two 
positions on the commutator in which measurements could be 
made, normal and reverse. By averaging these two, the 
resistance of the thermometer leads was eliminated, thus 
giving the resistance of the platinum helix alone. This 
average value was then divided by the value of resistance at 
0°C as given by the calibration table accompanying the 
thermometer. Using this ratio the temperature was deter­
mined by interpolation from the values in the calibration 
table.
Sample Calculation:
1) Resistance measured on N position = 21.1233 ft
2) Resistance measured on R position - 21.0569 ft
3) Average resistance = 21.0901 ft
4) Resistance at 0°C = 25.5071 ft
5) Ratio of resistance at temp to resistance at 0°C
= 0.826833
6) From calibration table
Interpolating between 229 K and 230 K, we find that 21.0901 ft 







Background: The first thermometer used was a Leeds and
Northrup Model No. 8163-C, Serial No. 1547841. Soon after 
data was taken, this thermometer was inadvertently broken, 
and another one, Model No. 8164, Serial No. 1793436, had to 
be used in place of the first one. Unfortunately, the second 
thermometer had not been calibrated. However, the project 
was continued using the uncalibrated thermometer while the 
first one was being repaired and recalibrated.
While taking data, the exact temperature did not need 
to be known accurately as it was only necessary to be able 
to reproduce the temperature, regardless of what it was. 
However, in order to have some approximation of the true 
temperature the calibration table for the broken thermometer 
was used with the new thermometer. It was later found that 
the true temperature was about 0.5°K lower than the "measured" 
temperature using the calibration data.for the first ther­
mometer (Serial No. 1547841).
By the time the raw data had been taken, the broken 
thermometer had been repaired and recalibrated. Both ther­
mometers were then placed in the bath and the resistances of 
both were read at various controlled temperatures. From
this data a graph o f ( T  - T . .. , .) versus ̂ c uncalibrated calibrated
(T t was made. By looking up the temperatureunc a l m r  a teu
that had been read from the uncalibrated thermometer using 
the old calibration table, the correction factor necessary 
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temperature was determined by applying this correction to 
the uncalibrated thermometer reading.
Corrected Sample Calculation: During the course of the
experiment a temperature measurement was made with the uncal­
ibrated thermometer using the old calibration table. The 
following readings were taken.
1), Resistance on "N" position = 19.0 557 ohms
2) Resistance on "R" position = 18.9893 ohms
3) Average resistance = 19.0225 ohms
4) Resistance at 0°C = 25.5071 ohms
5) Ratio of resistances = 19.0225 ohms/25.5071 ohms
By interpolating between these temperatures, the tem­
perature was found to be 210.002 K.
7) Correction factor from Temperature Correction Curve 
= .408 I<
True temperature - 210.002 K - .408 K = 209.594 K.
Pressure Measurement
Pressures within the cell were measured using a 0-100 
psi Heise gauge, a 0-100 psi Seegers gauge, and a 0-100 atm 
Heise gauge. Neither 0-100 psi gauge was designed for vacuum 
applications so it was necessary to "zero" them relative to
745773








atmospheric pressure. The 0-100 atm Heise gauge was 
designed to measure absolute pressure in atmospheres directly; 
however, to set the zero it would be necessary to draw a very” 
high vacuum on the gauge and a vacuum pump capable of doing 
this was not immediately available. Therefore, all gauges 
were set to zero at atmospheric pressure and the barometric 
pressure was added later to obtain the absolute pressures.
An added advantage to this method was that the investigator 
could easily check for any drastic inaccuracies by simply 
comparing the psi and atm gauges^
In order to initially set the gauges to zero, the system 
was slightly pressurized and then vented through a bubbler 
until all bubbling ceased. The pressure on the gauges was 
then exactly the same as atmospheric pressure.
All system pressures were reported in atmospheres and 
the conversion factors used were 760 mm/atm and 14.69 psi/atm.
Sample Calculations: Data was taken on the equilibrium
system when the psi pressure gauges read 7 3.5 psig.
1) Pressure read on gauges 73.5 psig
2) Gauge pressure in atmospheres = 73.5/14.69 = 5.003 atm
3) Barometric pressure as read on barometer 622.5 mm Hg
4) Barometric pressure in atmospheres 622.5/7 60 = 0.819 a
5) Absolute pressure = 5.003 atm + 0.819 atm = 5.822 atm.
Background: All three pressure gauges were calibrated
using an oil dead weight tester at the National Bureau of
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Standards, Boulder, Colorado. Details of this calibration 
can be obtained from Duston (1970, p. 62-68). This calibra­
tion data can be used to obtain improved pressure values.
Vapor Phase Composition Measurement
In order to convert the raw data into some useable 
information, a series of steps was followed. These steps 
were performed in the following order.
1) Record the Barometric Pressure
This pressure, in mm H g , was read from a laboratory 
barometer.
2) Calculate System Pressure
The system pressure, as read on the equilibrium pres­
sure gauges, was added to the prevailing barometric 
pressure. This total pressure was the absolute system 
pressure and was recorded in atmospheres.
3) Record Chromatograph Attenuation
This attenuation corresponded to the setting on the 
chromatograph at the time the sample gas was being 
injected.
4) Record Manometer Pressure
This pressure corresponded to the difference in height 
between the two legs of the manometer during injection. 
It was therefore the gauge pressure under which the 
sample gas was injected. The value was recorded in 
mm Hg.
5) Calculate the Absolute Injection Pressure
This pressure was the sum of the manometer pressure 
under which the gas was injected and the prevailing 
barometric pressure. This pressure was expressed in 
mm Hg.
6) Record Peak Height
This value was the average height of the peaks obtained 
on the recorder following the injection of the sample 
gas. It was expressed in chart paper scale units 
(Beckman 10" recorder paper).
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7) Record Machine Sensitivity
This value was the peak height measured at attenua­
tion "8" when calibration gas was injected at a 
manometer pressure of 7 25 mm Hg . This information 
was obtained from a "sensitivity check" run immediate­
ly after the sample gas data was taken. This value 
could then be used as a basis on which to relate the 
present data back to the calibration curve by elimin­
ating the effects of a different barometric pressure 
and machine sensitivity.
8) Calculate a Sensitivity Correction
If the sensitivity of the chromatograph is greater on 
the day the data was taken than on the day the cali­
bration curve was run, all peak heights will be cor­
respondingly higher. Thus to offset this change all 
peak height values must be multiplied by the factor 
of
calibration sensitivity/machine sensitivity
The machine sensitivity is obtained from the sensitiv­
ity check. The calibration sensitivity is 6.85 chart 
units (Beckman 10" recorder paper).
9) Calculate the Barometric Pressure Correction
Since the sensitivity check may have been taken at a 
different barometric pressure than the calibration 
sensitivity, the sensitivity correction must be cor­
rected to get the true sensitivity correction by 
multiplying by a barometric correction ratio. This 
ratio is:
7 25 mm Hg + barometric pressure on calibration day 
7 25 mm Hg + barometric pressure on day of experiment
10) Multiply the Sensitivity Correction Times the Baro­
metric Pressure Correction to Get the True Sensitivity 
Correction.
11) Multiply the Peak Height (#5) times the Correction 
Factor (#10)
This provides a raw peak height which is now on the 
same basis as the calibration curve.
12) Calculate Attenuation Correction
The attenuation factors, as previously determined, 
relate the peak height read on one attenuation to 
what the same conditions would have produced on the
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attenuation used to make the calibration curve.
This was necessary because even though a peak height 
of 15 could be graphed and used on the calibration 
curve, such a height could not be directly measured 
on the 10-unit chart paper.
13) Multiply the Raw Peak Height (#11) times the Attenu­
ation Factor (#12) to Obtain the Corrected Peak 
Height.
14) Determine the Partial Pressure of Neopentane in the 
Sample
Using the peak height found by the multiplication in 
step #13, use the calibration curve to determine the 
corresponding partial pressure.
15) Determine the Corrected Partial Pressure
Since the calibration curve was drawn for 0.805 mole 
percent neopentane and the correct composition was 
0.81 mole percent neopentane, the value of #14 must 
be multiplied by the ratio 0.81/0.805. This is done 
because the calibration curve is linear.
16) Calculate the Vapor Composition
The composition was found by dividing the partial pres­
sure of neopentane (#15) by the total pressure in the 
injection system (#5).
17) Calculate the Enhancement Factor
Calculation of the enhancement factor provides a quick 
check on the quality of the data. Small irregularities 
in the data may be noted quickly by plotting enhance­
ment factor versus total system pressure. If the 
system were ideal the partial pressure exerted by the 
solid phase component would be the same as its vapor 
pressure at that temperature, but since the system is 
not ideal, the deviation from ideality can be measured 
by,
yp/p° where y = mole percent neopentane in
vapor,
p = total system pressure,
and p° = vapor pressure of neopentane
at the given temperature.
If ideal, the value will be 1.0.
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All of the above calculations were made as the data was 
being taken to provide a constant check on the operation of 
the system. If any irregularities in either the composition 
calculation or enhancement factor was noted, the system could 
be checked out and the data point repeated before either the 
temperature or pressure was changed.
Sample Calculations:
1) Barometric Pressure = 621.3 mm Hg
2) System Pressure
Barometric Pressure = 621.3 mm Hg = 0.818 atm 
Gauge Pressure = 40 psig = 2.723 atm 
Total Pressure = 3.541 atm
3) Attenuation = 2
4) Manometer Pressure = +25 mm Hg (right leg at 60)
5) Absolute Pressure of Injection —  621.3 + 25 = 646.3 mm Hg
6) Peak Height





Average Peak Height = 4.0 6 units
7) Machine Sensitivity = 6.80 units
8) Sensitivity Correction = 6.85/6.80 = 1.0074
9) Barometric Pressure Correction = 621.3+725/134 3.2 
= 1.0023
10) True Sensitivity Correction = (1.0023) (1.0074) = 1.0097
11) Corrected Peak Height = (1.0097) (4.06) = 4 .10 units
12) Attenuation Correction = 0.5 (base attenuation = 4
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13) Final Peak Height = 2.05 units
14) Partial pressure as determined from the Calibration 
Curve = 1.63 mm Hg
15) Corrected Partial Pressure - (1. 63) (. 81/.805) = 1.64 
mm Hg
16) Vapor Composition = 1.64/646.3 = 0.00254 mole frac­
tion neopentane






Calibration Gas (Argon-Neopentane Mixture)
Supplier: Matheson Gas Products
Purity: 0.9 6 mole percent neopentane
Utility: Calibration and sensitivity analysis
Neopentane (2,2-dimethylpropane)
Supplier: Phillips Petroleum Co.
Purity: 99+ mole percent
Utility: Equilibrium condensed phase component
Nitrogen
Supplier: United States Welding
Purity: Chromatographic analysis shows ho large
impurities
Utility: Equilibrium vapor phase component
Carbon Dioxide
Supplier: United States Welding




Supplier: United States Welding
Purity: Grade A Bureau of Mines (U.S. Dept, of Interior)
Utility: Preliminary measurements and carrier gas uses
